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Abstract.
The two only species of isolatable, smallest, or unit charges +e and −e present in na-
ture will interact with a polarisable dielectric vacuum through two uniquely defined vacuum
potential energy functions. All of the non-composite subatomic particles containing one-unit
charges, +e or −e, in terms of the IED model are therefore generated by the unite charges of
either sign, of zero rest masses, oscillating in either of the two unique vacuum potential fields.
In this paper we give a first principles treatment of the dynamics of a specified charge q in a
dielectric vacuum. Based on the solutions for the charge, combined with previous solutions for
the radiation fields, we derive the vacuum potential energy function for the specified charge,
which is quadratic and consists of quantised potential energy levels. This therefore gives rise
to sharply defined charge oscillation frequencies and accordingly sharply-defined masses of the
IED particles. By further combining with relevant experimental properties as input informa-
tion, we determine the IED particles built from the charges +e and −e at their first excited
states in the respective vacuum potential wells, togather with their radiation electromagntic
waves, to be the proton and the electron, the observationally two only stable (permanently
lived) and ”free” particles containing one-unit charges. The formation conditions for their an-
tiparticles as produced in pair productions can be accordingly determined. The characteristics
of formation conditions of all of the other more energetic non-composite subatomic particles
can also be recognised. We finally discuss the energy condition for pair production, which re-
quires two successive energy supplies to (1) first disintegrate the bound pair of vaculeon charges
+e,−e composing a vacuuon of the vacuum and (2) impart masses to the disintegrated charges.
Part A published at: 2012 J. Phys.: Conf. Ser. 343 012135
1. Introduction
Up to the present several hundreds of isolatable subatomic particles along with their antiparticles
have been discovered, of these the very energetic and (or) short lived ones existing only in high
energy accelerators and cosmic ray radiation[1]. Of these observational particles, the proton (E
Rutherford, 1919[1]) and the electron (J J Thomson, 1897[1]) are the only two particle species
containing one-unit charges which are stable, or permanently lived, and ”free” (i.e. available for
building the usual materials with no need of ”extraction”) in the vacuum; they are the building
constituents of all atoms. While conceding such ”privileged” status only to these two particular
opposite charged particles, nature differentiates the two by unequal masses, with the proton
being about 1836 times heavier than the electron. Nature differentiates their opposite charged
antiparticles, antiproton and positron, with a similar mass asymmetry, and nevertheless appears
to admit both with a similar permanent lifetime expectation. Although, if pair productions are
the only sources of their creations in the real physical world, the antiprotons would appear to be
prominently missing, and the positrons appear to be similarly missing, or ”hidden” in the vacuum.
The fundamental reason for this selective, asymmetric preference of nature for our physical world
is up to the present not explained.
This selective, asymmetric characteristic of the particle system has been one essential
constraint imposed from the beginning upon the construction of an internally electrodynamic
(IED) particle model and vacuuonic vacuum structure, which the author carried out in recent work
[2]-[16] based on overall relevant experimental observations as input information. According to the
construction, briefly, a single-charged matter particle like the electron, proton, etc., is composed
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of (i) a point-like charge (as source) of a zero rest mass but of an oscillation of characteristic
frequency and (ii) the electromagnetic waves generated by the oscillating charge. And the
vacuum is filled of electrically neutral but polarisable building entities, vacuuons (to be detailed
in Sec. 4), separated at a mean distance bv; this vacuum is an electrically polarisable dielectric
medium. Representations of the IED particle based mainly on solutions for the electromagnetic
wave component have been the subjects of previous investigations [2]-[15], which have yielded
predictions of a range of the long established basic properties and relations of particles under
corresponding conditions.
In this paper, in terms of first principles solutions for the charge to be obtained first (Sec.
2) and for the electromagnetic wave component of an IED particle obtained previously [2]-
[6] we formally derive in Sec. 2 the vacuum potential energy function for a specified charge
q. Further combining with relevant experimental properties for particles as input information,
we parameterise the vacuum potential energy functions for the two unit charges +e,−e, and
determine accordingly the dynamical states of the two only stable, ”free” particles formed therein
out of the two respective charges, the proton and electron, and their antiparticles; and we
elucidate the characteristics of the remaining, more energetic subatomic particles containing
one-unit charges (Sec. 3). Finally, we determine the vacuuonic potential energy functions and
elucidate the energy condition for pair production (Sec. 4).
2. Vacuum potential energy functions
The vacuum is according to [2, 9, 10] a substantial medium constituted of electrically neutral
but polarisable vacuuons that are densely packed relative to one another. This vacuum will
be represented in a three-dimensional flat euclidean space (R3), spanned by three Cartesian
coordinates X,Y, Z fixed in the vacuum. In this vacuum, in an interstice formed by vacuuons
centred at position Ri there presents a charge q. The charge has been in the past time driven into
motion by an applied force Fapp.0, and thus endowed with a total mechanical energy εq. From
time t = 0 the force Fapp.0 has ceased action. So the charge will hereafter tend to spontaneously
move about. The charge is for the present assumed to be prevented from radiating and thus will
maintain the energy εq through the course. It can be readily extended to the general radiating
case later.
The charge q (together with its radiation field) is to eventually form a simple matter particle,
like an electron and proton, etc in terms of the IED model. The charge will serve as the generating
source charge of the matter particle; and its spontaneous motion be the internal motion of the
resulting matter particle. With the matter particle so formed, the internal energy will not be
incorrectly twice counted only if the charge has a zero rest mass. The charge will instead have
dynamical mass (Mq) as a result of the spontaneous motion of the charge, which pertains to the
internal process of the matter particle.
To furnish a realistic model of matter particle, the charge needs further be [2] point like
relative to its radiation waves, and yet be an extensive spinning liquid-like entity, or whirlpool,
extending across the interstice region (− bv2 , bv2 ) of vacuuons [2, 16]; bv ≈ 1 × 10−18 m by a
crude estimate based on experiment[17]. This extensive feature of the charge is necessary so
as to conform to the overall basic experimental properties of charge, including spin [2] and the
quantisation of energy (see below). The dynamics of q at the scale bv, and hence an extensive q,
will be of main concern in this paper.
The dynamical mass centre of the minute yet extensive charge will be at position
Rq(Xq, Yq, Zq) at time t, assuming along the Z direction in an time interval under consdition.
Rq is displaced from the equilibrium position, Ri, by U q = Rq − Ri = Zq − Zi.xxx The
extensive distibution of the charge may be generally described by a (normalised) probability
density ρq(z, t) = |ψq(z, t)|2. It will have a flow rate jq = υqρq at the velocity υq, along the
z direction here. ψq is a complex function because |ψq(z, t)|2 will be associated with the total
energy (5) below that is conserved in a conservative force field (see further e.g. [14]). jq may
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be alternatively described by a diffusion current jq = −Dq[ψ∗q∇ψq − (∇ψ∗q )ψq], where Dq is an
imaginary diffusion constant (Appendix B). The constant Dq, whence diffusivity, is in inverse
proportionality to the resistivity of the (vacuum) medium that will be identified to be measured
by a dynamical massMq later, whence the usual relation Dq =
i~
2Mq
. We will be mainly interested
in the formation of stable particles, or particle states, as the proton, electrons are. This will only
be ensured if ρq fulfils the continuity equation,
∂tρq +∇(ρqυq) = 0 or ∂tρq −Dq[ψ∗q∇2ψq − (∇2ψ∗q )ψq] = 0. (1)
The extesnive oscillatory charge q constrained by (1) will be found to move as a rigid object,
and thus may be represented as a point particle located at its mass centre, of the coordinate Rq
or Uq earlier. For this effective point particle, Newton’s laws of motion are valid. Firstly, the
spontaneiously moving charge will be subject to a spontaneous inertial force Fine(≡ Fapp.0)
associated with d2tUq(≡ d
2
Uq
dt2 ). This force is given according to Newton’s law of inertia as
Fine = Mqd
2
tUq, where Mq is a proportionality constant, or it is the ”(dynamical) inertial mass”
of q.
In the vacuuonic vacuum, the motion of the charge q will be resisted. This is as a consequence
that the vacuuons in the vicinity of q become polarised by q and builds with q an interaction
potential, Vvq(U q) = Vvq0 +
∑
n
1
n!∇nVvq(U q)Uqn, where Vvq0 = Vvq(0) is a constant. Vvq is
the superimposed result of the electrostatic interactions Vvjq of q with all of individual polarised
vacuuons j up to an intermediate range about q, Vvq(U q) =
∑
j Vvjq (see further Sec. 4 and
Appendix A). The corresponding restoring force is Fres = −∇Vvq(U q)− (−∇Vvq(0)). There will
be a finite time interval during which the charge displacement Uq(<
bv
2 ) is about the fixed site Ri
and along the Z direction, hence Uq(= z) = Zq −Zi. We will consider the dynamics in this time
interval below. Uq(<
bv
2 ) must be relatively small, judging on the basis that its radiation field
obeys the linear Maxwell’s equations and thus has an wave amplitude that is relatively small.
It thus suffices to retain the leading terms in Vvq(U q) to only. The vacuum is isotropic, so odd
terms in Vvq(U q) must furthermore vanish. The Vvq(U q) and Fres are thus given as
Vvq(Uq) = Vvq0 +
1
2
βqU
2
q , βq = ∇2Vvq; Fres = −βqUq. (2)
Under the condition (1) and the action of the forces above, and generally also in the presence
of an external (total) force Fext, the equation of motion of the charge from time t = 0 is given
according to Newton’s second law as Fine − (Fres + Fext) = 0, or,
d2tUq + ω
2Uq − Fext/Mq = 0, ω =
(
βq
Mq
)1/2
. (3)
In an ordinary environment there always present certain random radiation fields, which can
statistically act (a) a torque Fran×d on the oscillating-charge dipole, and (b) a linear force Fran
on the charge’s mass centre. Due to (a) and if no other external field present, Uq will alter in
orientation at every brief yet finite time interval and will explore all orientations over long time.
Due to (b), the charge may be promoted to hop over an energy barrier ∆vi to a neighbouring site,
randomly in any possible directions. An applied unidirectional force (Fu) acting on the oscillatory
charge as a whole, assuming here Fu = Fu0 as component of the initial total force Fappl.0 earlier
and Fu = Fu0 is in the X direction, will ordinate q to hop from site to site in the X direction.
The motion has a mean velocity given by υ = 1N
∑N Xi+1−Xi
δti
, δti being the dwelling time at site
i. Owing to a Doppler effect associated with his source-charge motion, ω = γΩ is augmented
by a factor γ from Ω, and thus βq = γ
2β0q , Ω and β
0
q being the values as measured when the
charge oscillator is at rest (υ = 0) in the X direction. γ = 1/
√
1− υ2/c2 as directly given by
electromagnetic solutions [2],[4]. The Fran above, the Fapp earlier, and the Frad of Appendix C
later are all contributions to Fext.
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We below consider first the charge motion about the fixed site Ri under no external force,
i.e. Fext = 0. Equation (3), to consider first, has a general complex solution
U cq (t) = Aqe
−i(ωt+αo); Uq(t) = Re[U cq (t)] = Aq cos(ωt+ αo), (4)
where Aq is the amplitude and αo an initial phase; Aq = A 0q /
√
γ, denotes the Lorentz contracted
quantity of the uncontracted value A 0q ; and similarly Uq(= U
0
q /
√
γ), U cq (= U
c0
q /
√
γ). That
is, in the absence of applied force the minute charge as a whole executes a harmonic motion of
displacement Uq, of a γ-augmented characteristic (or natural) angular frequency Ω, ω = γΩ, in
the quadratic vacuum potential well Vvq. The corresponding kinetic and elastic potential energies
at any time t are thus εqk(t) =
1
2MqU˙
2
q and Vq(t) = Vvq(Uq(t)) − Vvq0 = 12βqU 2q (t). The total
mechanical energy, or Hamiltonian, is
εq(t)(= εq.in) = εqk(t) + Vq(t) = εq|e−i(ωt+αo)|2 = εq, εq = 12MqΩ2A 2q , (5)
where |e−i(ωt+αo)|2 = cos2(ωt + αo) + sin2(ωt + αo) = 1. εq(t) given in (5) is constant in time
and thus defines a stationary state of the harmonic charge oscillator.
The constraining equation (1) decomposes into two conjugate second order differential
equations for ψq and ψ
∗
q , that are mathematically equivalent to the Schro¨dinger equations for
a harmonic oscillator. The solution for ψq (and similarly ψ
∗) follows therefore to be the standard
hermit polynomial (e.g. [18]). And the solution for total energy consists of quantised levels,
εqn = n~ω, n = 1, 2, . . . (6)
A solution εq0 =
1
2~ω is also mathematically permitted but has been discarded in (6), because
it is judged as unphysical based on a comparison with the empirical Plank energy equation for
radiation. (6) is a prediction of the Planck energy equation for the electromagnetic radiation
associated with the εq here, and hence the mass m of the resulting IED particle to be specified
below. The total energy εqn quantisation given in (6) is the result of confinement of the minute
extensive charge in the vacuum potential well at the scale bv ∼ 10−18 m. The thermal motion of
the IED particle is on the other hand executed across a distance A which contains (tremendously)
many vacuuon spacings, A >> bv. Thermal energy quantisation will be in question only when
the IED particle is confined at a scale A, and this will not considered in this paper.
The charge in oscillatory motion normally will generate electromagnetic waves, gradually
and thus continuously, for the electromagnetic waves are propagated at the finite speed of light
c and are distributed in space. The oscillating charge and its radiation field together make
up our IED particle. If the charge is restricted to emit radiation only and (re)absorb none,
after a time tϕ its entire εq will thus have been converted to the total energy ε
′′, = εq, of
the total electromagnetic wave. In an open vacuum the electromagntic waves generated by
the point source chareg here are propgated in radial direction. With respect to their energies
and linear momenta, the fields may be equivalently represented as two Doppler-effected effective
plane waves E†, E‡ travelling oppositely at the velocities +c,−c in the +X and −X directions
along a linear vacuum path of a cross sectional area s0 =
8π(bv/2)
2
3 , of a radiation electric field
E(X, t) = E† + E‡ = E0 cos[ω(X/c − t)], E0 = qAqω2/4πǫ0(bv/2)c2. ε′′ is given according to
electromagnetic theory as ε′′ =
√
ε′′†ε′′‡) = Lϕsǫ0γ|E|2, where Lϕ is the geometric mean of the
total lengths of the two wave trains. If attributing the wave oscillations as the internal motions
of the wave trains, the total wave motion thus reduces to the rectilinear motion, at the speed
of light c, of a total wave train as a rigid object, of a finite inertial mass m′′ (which reflects
the resistivity against the motion of the wave train in the bulk vacuum continuum), and linear
momentum p′′ = ε′′/c = ~k, with k = ω/c. The same ε′′ is thus now given [2, 4, 6] as the
kinetic energy, εk =
1
2m
′′c2, of the wave train plus an elastic potential energy equal to εk, whence
ε′′ = 2× ε′′k = m′′c2; m′′ is thus also the relativistic mass of the IED particle (see e.g. [4]).
Vacuum Potentials for Proton and Electron. Pair Productions 5
The ε′′ above and the Newtonian result εq of (5), both being equal to εqn, follow therefore
to be quantised each, in the inevitable way as
ε′′ → εn = Lϕsǫ0γE2n = mnc2, with E′′ → En =
√
nE1, m
′′ → mn = nm, (7)
εq → εnewtqn =
1
2
βqA
2
qn, with Aq → Aqn =
√
nAq1, (8)
where βq = Mqω
2 is as given by (3b). From the equalities εn = ε
newt
qn = εqn, we obtain a few
relevant relations for later use
ω =
mc2
~
, Aq1 =
(
2mc2
βq
)1/2
, or βq =
2mc2
A 2q1
, Mq =
2mc2
A 2q1ω
2
, (9)
where m ≡ m1 = γM is the relativistic mass and M = limυ2/c2→0m the rest mass of the IED
particle here formed of the charge q alone (in the extreme case of no radiation) at the energy
level n = 1 of excited state.
Any massive materials in ordinary conditions in the surrounding will serve as non ”absorbing”
reflection walls to the wave of the energy quanta n× ~ω which can only be ”absorbed” through a
pair annihilation with its anti-particle, which is rare so as to be deemed not to occur in a normal
environment. So from the nearest such walls the waves will be reflected back to the charge, be
re-absorbed by it and then re-emitted, continuously and repeatedly. The total energy εtn of the
IED particle will in general be at any time carried a fraction a1 by the charge and a fraction a2
by the radiation wave, with 0 ≤ a1, a2 ≤ 1, a1+ a2 = 1. So εtn = a1εqn+ a2εn, which is similarly
quantised. Accordingly, the actual potential energy of the charge is at any time a fraction a1
of the total Vvqn, a1Vvqn; and this, as one will readily obtain by combining with the solution of
Appendix C[16], is as a result that Aq1 is scaled by
√
a1 to
√
a1Aq1. For the charge dynamics
in the vacuum potential field as the major concern below, unless specified otherwise we shall for
simplicity return to the extreme situation of a1 = 1, a2 = 0.
With Aq → Aqn of (8b), we have Uq ≡ z → Uqn ≡ zn =
√
nz, z = Aq1Re[θq]; or
ζn =
zn
bv
=
√
nζ, ζ = zbv . Placing this Uqn in (2a), we obtain the quantised vacuum potential
energy of charge q
Vvqn(z) = Vvq0 +
1
2
βqnz
2 = Vvq0 +
1
2
β′qnζ
2 (|z| < bv
2
) (10)
where β′q = b
2
vβq. The βq and Vvq0 are uniquely fixed for a fixed q value and the universal dielectric
vacuum, if we disregard possible effects on the local instantaneous vacuuon configurations from
the variant sizes and frequencies of the charge. Vvqn thus is a uniquely defined function for a
specified q value. The two only isolatable, smallest or unit charges +e and −e present in nature
therefore are associated with two unique vacuum potential energy functions. Considering that
the resistivity, ∝ Mq, against a specified charge in a uniquely specified vacuum potential field
also is uniquely fixed, then (for υ = 0) ω|υ=0 = Ω = (β0q/Mq)1/2 given in (3) is a characteristic
quantity of the specified charge and the universal vacuum, i.e. Ω represents the natural angular
frequency of the given charge and vacuum system.
If the charge oscillator is not restricted from radiation and is at present time in an equilibrated
state of (re)emission and (re)absorption of radiation, the total εq is thus distributed over a (large)
N0 number of radiation cycles. The (average) Hamiltonian of the charge oscillation of one cycle
is thus
εqn
N0
= 12βq|ucqn|2, where
uqn = N0Aqne
−iωt, Aqn = Aqn/
√
N0 (11)
are the corresponding complex oscillation displacement and amplitude. At any time t the
Hamiltonian
εqn
N0
is conveyed by the charge, and that of the remaining (N0− 1) cycles is conveyed
by the radiation field. The dynamical variables Aqn, Vvqnτ , etc. of each cycle are quantised,
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inevitably against a fractional Planck constant h (in a similar situation as in Appendix C and
[16]); it is the total εqn only that is quantised against the whole h, as given by (6). The notion
involved here is consistent with the physical origin of the Planck constant as recognised in [19].
3. Parameterisation
At the present we lack adequate input data, the vacuuon polarisability especially (see Appendix
A), for an ab initio evaluation of Vvq. Instead, we shall below determine the parameters
βq, Vvq0 of the Vvq function for charges +e,−e based on experimental properties for particles,
the two most common particles proton (p) and electron (e) mainly. The parameterised potential
energy functions will in the end be characteristically justified by comparison with the direct
electromagnetic interaction functions for an external q and individual vacuuon given in Appendix
A based on an arbitrary value of polarisability.
Observationally (e.g. [1]), the p, e are (I) of sharply-defined constant rest masses Mp,Me,
(II) of the smallest masses (i.e. the Mp,Me) among the particles which contain each one-unit +e
or −e and also possess the properties (III)-(IV) below, (III) stable (i.e. of infinite lifetimes), and
(IV) free in the vacuum. That the p and e are free, point (IV), are said in the sense that they
are available for building the materials in our physical world with no need of extra energy for
extraction. The oscillating charges +e and −e composing the corresponding two IED particles
are therefore required to be (i) stationary, i.e. being at one of the energy levels n = 1, 2, . . .
following (6), (ii) factually at level n = 1 in accordance to property (II), (iii) of infinite lifetimes,
and (iv) free in the vacuum. (iii) is to be justified and (iv) to be furnished by positioning of the
level n = 1 in the vacuum potential well below.
From (C.3), Appendix C, it follows that the time required for the (quasi) harmonic charge
oscillator q at the initial state n = 1 to have emitted its entire one energy quantum εq1− εq0, and
transformed to the final state n = 0, is
tϕ1.0 =∞. (12)
By the usual quantum mechanical principle, a transfer of only a fraction of a quantum ~ω from
one charged particle α(q) to another charged particle α′(q′) in their quantum states is forbidden.
Therefore a transition of charge q from level n = 1 to 0 within a finite time is improbable. This
verifies the (iii) above. This restriction however does not apply if q is in an asymmetric potential
field, e.g. a field produced by the charge (q′) of an antiparticle at a very close distance.
We define ”vacuum level”, Vvqv = Vvqn′(zv), as the level at which the pair of vaculeons
constituting a vacuuon are no longer attracted with one another, thus being (effectively) at an
infinite separation; n′ is a specific value of n. At this level, an external charge q, oscillating at
amplitude zv about its equilibrium position z = 0, thus just begins to be no longer attracted to
the surrounding vacuuons‡, and it is subject to instantaneous collisions with the vacuuons only.
Therefore, a charge q at the vacuum level is free in the sense of (IV). The charges +e,−e of the p, e
of the feature (iv) therefore lie at the vacuum level; and they are in turn in their n = 1 stationary
states as stated by (ii)-(iii). That is, for the charges of p and e, the n = 1 levels coincide with
the vacuum level Vvq1 = Vvqv = 0, and zv = Aq1, whence the property (iv) is furnished.
By the solution (6), in zero external field the harmonic state of the charge at level n = 1
can only be promoted to higher levels by a discrete amount at a time, i.e. n~ω, n = 2, 3, . . ..
Or, it will not be altered at all. The charge is however not restricted from being continuously
promoted to higher energies if acted on by an unidirectional force Fu and, assuming a sufficiently
large Fu, may be driven momentarily to the mid point z1/2 = (Zi+1 − Zi)/2 between site i
and adjacent site i + 1 along a diffusion path. At z1/2, it experiences shortest distances to the
neighbouring vacuuons, and therefore a maximum potential energy V ′vq1m = V
′
vq1(z1/2). The
‡ A ”negative” Vvq0 strictly applies to +q and has for −q a relative meaning only due to the Vvq asymmetry over
+q and −q; see further Appendix A.1.
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potential energy difference ∆v1(z) = V
′
vq1(z) − Vvq1 defines an energy barrier which the charge
q must overcome to hop to an adjacent site, see Figure 1. Its height ∆v1(z1/2) = V
′
vq1m − Vvq1
and width, δ1, are both dependent on the instantaneous interaction of q, while at z1/2, with the
vacuuons whose configuration fluctuates due to the influence of the random environmental fields
and the instantaneous motion of the charge q. Their determination is beyond the scope of this
paper.
In conformity with the observational vacuum, the vacuuons are densely packed in a disordered
fashion and are, by virtue of their internal structure (see Sec. 4), in zero external field electrically
neutral and non interacting; they form a perfect liquid[2]. The Vvqn is intermediate ranged (see
Appendix A); the vacuuons thus to good approximation present to q with an average structure.
Then, assuming also disorder effect will be additionally included where in question (such as
diffusion path), the vacuuons may be in the simplest illustration represented as arranged on a
simple cubic lattice of spacing bv. So z1/2 =
bv
2 . The oscillation amplitude of the charge q at
n = 1 level thus is (for N0 = 1),
Aq1 =
1
2 (bv − δ1). (13)
If εq is distributed over N0 radiation cycles, using (11) in (13) gives Aq =
1
2N0
(bv − δ1). With
the Aq1 above, and the experimental rest masses of p and e, Mp(= 938.27 MeV) and Me(= 0.511
MeV) for M in (9c), we obtain for the charges +e and −e:
βq =
2Mc2
(f1bv/2)2
, f1 =
Aq1
bv/2
= 1− δ1
bv
(q,M = +e,Mp;−e,Me) (14)
Values of βq evaluated based on (14) for the charges of the IED proton p, electron e, antiproton p¯,
and positron e¯, together with other parameters involved in this section, Ω,Aq1(Aqα),Mq, tϕ1.0,
are tabulated in Table 1.
Table 1.
q(a) IED
Particle
M (a)
(MeV)
Ω(b)
(1020r/s)
Aq1f
−1
1
(c)
(10−18 m)
βqf21
(d)
(1023N/m)
Mqf21
(e)
(kg)
Lifetime(f)
(s)
+e p (Mp) 938.27 14280 0.5 12020 5.896× 10−22 ∞
−e p¯ (Mp¯) 938.27 14280 21.42 6.549 3.218× 10−25 (short)
−e e (Me) 0.511 7.778 0.5 6.549 1.083× 10−18 ∞
+e e¯ (Me¯) 0.511 7.778 0.0116 12020 1.989× 10−15 (∞)
(a) Experimental masses of p, p¯, e, e¯ [1]. (b) After (9a). (c) Given by (13) for p, e and (17), (18) for p¯, e¯. (d) After
(14a). (e) After (9d). (f) From (12) for p, e and the discussions before (17) and after (18) for p¯,e¯.
Taking (i)-(iv) together, the creation of particle p or e corresponds to the excitation from
energy level n = 0 (the ground state) to n = 1 (the first excited state) of the charge q
= +e or −e in its potential well Vv+en or Vv-en, upon a minimum external energy supply
εexc.m(= ~ωγ) = εq1 = Mpc
2 or Mec
2. εexc.m is thus used for overcoming the potential energy
difference Vvq0 − Vvq1 = Vvq0 − 0, whence
Vvq0 = −εexc.m = −Mc2 (q,M = +e,Mp;−e,Me) (15)
And the energy εq1 gained by the charge +e or −e corresponds to the total energy associated
with the rest mass Mp or Me of the resulting IED particle p or e.
Placing (14a),(15) in (10), we obtain the parameterised quantised vacuum potential energy
functions of the charges +e and −e respectively versus ζn(=
√
nζ) across the interstice about
ζn = 0,
Vvqn(ζn) =Mc
2(−1 + 4
f21
ζ2n) (q,M = +e,Mp;−e,Me; |ζ| < 12 ). (16)
The function Vvqn is completely specified by (16) except that f1 depends on δ1 through (14b)
and is yet to be determined. f1 affects the steepness of the Vvqn well only; the energy levels of
stable particle species (or particle states) therefore are completely specified by (16).
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Figure 1. Vacuum potential energy functions Vvq(ζn) versus the centre-of-mass coordinate of
a minute extensive charge q, ζn, given by (16) for (a) q = +e, and (b) q = −e. Used for the
plot: f1 = 0.9.
Equations (16), see also the graphical plots in Figure 1a,b, show a strong asymmetry of
Vvqn(ζn) with respect to an external charge +e and −e: Vv+en(ζn) has a strongly negative depth
−Mpc2 = −938.27 MeV (Figure 1a), and Vv-en has a shallow ”negative” depth −Mec2 = −0.511
MeV (Figure 1b). This very asymmetry will be directly demonstrated in Appendix A.1 through
a formal evaluation of the electromagnetic interaction for an external q charge and vacuuon: an
external positive charge +q will be strongly attracted by the vacuum, while a negative charge −q
be strongly repelled therein. And this is a direct consequence of the asymmetric structure of the
vacuuon, of which −e envelops +e (see Sec.4), combined with a ”strong force” effect which onsets
at short interaction distances compared to the extension of the vacuuon.
As already entered as an input for the Vvqn parameterisation, the proton lies at the first
excited stationary state, i.e. energy level n = 1, of charge +e in the Vv+en well, and the electron
at level n = 1 of −e in the Vv-en well, shown by the solid horizontal lines in Figure 1a and b.
The very large mass ratio of p over e, Mp/Me ≈ 1836, in retrospect, is a direct reflection of the
asymmetry of the two vacuum potentials.
Based on the solutions (6), there is no stationary state below the level n = 1 for either charge.
However, in a pair production out of a vacuuon (Sec. 4) in the vacuum, both its bound vaculeon
charges +e and −e (assuming having been firstly disintegrated and now serving as two un-bound
external charges) are by a resonance condition (see the end of Sec. 4) simultaneously excited with
equal energies, provided a total energy 2 × εexc = 2 × ~ωγ is externally supplied. If εexc is such
that −e is excited to its n = 1 level in the Vv-en well (Figure 1b), whence ωγ =Mec2/~ and the
creation of a stable electron e, then +e is excited by the same quantum ~ωγ in the Vv+en well
(Figure 1a′), whence the creation of a positron e¯. The +e of e¯ is at the level Vv+ee¯ = Vv+en(A+ee¯)
(dotted horizontal line in Figure 1a′) and has an oscillation amplitude A+ee¯. This e¯ state is far
below the n = 1 (proton) level in the Vv+en well, and is not a stationary state. But it would be
virtually stable if, as is highly probable, the e simultaneously created has moved away and also
no other electron presents nearby for annihilation. This e¯ will be ”hidden” in the vacuum and
not ”free” in the sense said in (IV) earlier.
On the other hand, this excited +e of e¯ is free to travel from site to site at its own constant
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potential energy level Vv+ee¯, provided it has a sufficient kinetic energy to ”hop” over a barrier
(cf Figure 1a′), ∆ve¯ = V
′
v+ee¯(z) − Vv+ee¯(Aqe¯), crossing each two sites. The A+ee¯ of +e may be
evaluated based on the energy equation for e¯, 12β+eA
2
+ee¯ =Mec
2, given by using βq = β+e for +e
in (14) but with the εexc equal to that of its opposite charge at level n = 1 (i.e. Mec
2) for εq1, to
be
A+ee¯ =
√
2Mec2/β+e =
√
(Me/Mp) A+e1 = 0.0116A+e1, (17)
which is exceedingly small. The width of the barrier ∆ve¯ , δe¯ = bv − 2× 0.01Aq1 ∼ bv (assuming
δ1 <<
bv
2 ), is thus wide. So after excited to above the barrier ∆ve¯ , the charge will be translating
across the large distance δe¯ ∼ bv before entering next Vv+en well. From the experimental decay
processes of the subatomic particles (e.g. [1]), we observe that, if disregarding the mediatorsW±,
e¯ is in fact the only non-composite particle formed of +e which is below the n = 1 level in the
Vv+en well. All of the other mass-deficit subatomic particles like π
+,K+, ρ, manifestly having
one-unit charges +e’s, are apparently composite particles built ultimately of a lepton µ and its
neutrino, with µ being built of charge −e in the Vv-en well.
If on the other hand εexc is such that +e is excited to the n = 1 level in the Vv+en well
(Figure 1a), whence ωγ = Mpc
2/~ and the creation of a stable proton p, then similarly by a
resonance condition −e is simultaneously excited by the same energy in the Vv-en well (Figure
1b), whence the creation of an antiproton p¯. The charge −e of p¯ is at the potential energy level
Vv-ep¯ = Vv-en(A-ep¯) (dotted horizontal line in Figure 1b) and has an oscillation amplitude A-ep¯.
Similarly from 12β-eA
2
-ep¯ = Mpc
2 given by using βq = β-e in (8) and εexc = Mpc
2, we formally
obtain
A-ep¯ =
√
2Mpc2/β-e =
√
(Mp/Me) A-e1 = 21.42A-e1, (18)
which is many times larger than A-e1 of the −e of an electron, as is an inevitable result for
Vv-ep¯ >> Vv-e1.
Since however the vacuum potential has a mean translation periodicity bv along any diffusion
path and thus is only quadratically well defined up to the vacuum level plus a ∆v1 about z =
bv
2 ,
the charge −e of p¯ of the exceedingly large A-ep¯ factually traverses many potential wells in
each quart of its oscillation period. This motion is no longer properly harmonic; and higher
stationary levels than 1, i.e. n = 2, 3, . . ., become unphysical except during charge–vacuuon head-
on collisions. The charge −e of p¯ accordingly will be so energetic as to translate swiftly across
many sites in short time, meeting and scattering with other particles and losing its energy easily,
until settling down at the next and actually the only lower stationary level in the Vv-en well,
which is the n = 1 or electron state. That is, the resulting antiproton is short-lived and briefly
will descend into a stable electron. This could explain the prominent ”missing” of the antiprotons
p¯’s if all the protons present in nature indeed are produced in p—p¯ pair productions.
The above scheme can similarly account for the short lifetimes of the other observational
heavier-mass, non-composite subatomic particles made of one-unit charges, actually the leptons
µ, τ only which are built of one-unit −e in the Vv-en well, if disregarding the mediators, similarly
based on the experimental decay processes of subatomic particles. All the other heavier-mass
baryons such as Ω-, Λ’s, Σ’s and mesons such as π-, D±, etc. having either one-unit −e or (as
earlier remarked)+e, are apparently composite particles ultimately built of µ’s and their neutrinos.
4. Vacuuonic potentials. Pair productions
A vacuuon (e.g. v1 in Figure 2a) by construction[2, 9] consists of a positive charge +e seated on
a minute sphere of radius rpv at the centre, and a negative charge −e on a concentric spherical
shell of thickness 2ro and radius rnv about pv, termed as a p-vaculeon (pv) and n-vaculeon (nv).
The pv, nv have spins
~
2 each; in their bound state in a vacuuon their spin magnetic moments
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are oriented in opposite directions in each others’ magnetic fields. The vacuuon structure,
as a building entity of the substantial vacuum, is constructed based on overall experimental
indications, most directly the pair production and annihilation experiments in particular[2, 9, 13];
see further the discussion after (21) later.
The rpv , rnv represent the most probable radii of the practically extensive pv, nv (similarly
as the single charge q in Sec. 2) at the scale bv, and ro is said in a similar sense. We presently
lack experimental information either on their direct values or for their theoretical evaluation;
although definitely they must be (much) smaller than bv2 . For the illustration below we shall take
the rpv , ro values by their average,
1
2 (rpv +ro) = σ. And we set the vacuuon radius rv, = rnv +ro,
as the contact radius of the vacuuons on a simple cubic lattice (Sec. 3), so rv =
bv
2 , see Figure 2a.
The focus of our discussion below will be to demonstrate the characteristics of the interactions
rather than to perform an accurate numerical calculation.
In zero external field, the two vaculeon charges +e and −e of a vacuuon, say the v1 at z = 0
in Figure 2a, interact each other by a Coulomb attraction, V coulpvnv = − e
2
4πǫ0r
= u0
rv
r = u1
σ
r ,
and a short range repulsion, V reppvnv = gu1(
σ
r )
N , where uo =
e2
4πǫ0(bv/2)
= 2879.9 MeV for
rv =
bv
2 = 0.5 × 10−18 m, u1 = uo(rv/σ), and g = πσ
2
4πr2nv
= σ
2
4r2nv
is the fraction of charge of
the segment, of size πσ2 on the extensive nv shell of an area 4πr
2
nv , which makes direct contact
with pv. The N, σ values are to be determined. The total pv, nv interaction potential energy per
vaculeon is thus
Vpvnv(r) =
1
2
(V reppvnv(r) + V
coul
pvnv (r)) =
u1
2
[
g
(σ
r
)N
− σ
r
]
(19)
See also the graphical plot of Vpvnv(r) in Figure 3a (solid curve 1), where N = 12 (Lennard-Jones’
value) and σ = 0.1bv are used for the illustration.
At r >> rpv , nv is acted on by pv by (mainly) an attractive force Fpvnv = −∂Vpvnv∂r ≈ −
∂V coulpvnv
∂r ,
where Vpvnv = 2Vpvnv . This, in the zero mass representation, is counterbalanced by a magnetic
force Fm on the spinning n-vaculeon charge on the spherical envelope in the magnetic field
produced by spinning motion of p-vaculeon charge (Appendix A of [2]), Fm,= −Fpvnv . The
equality defines the equilibrium radius rnv(=
bv
2 −σ), at which Vpvnv(rnv)=˙−u1(σ/rnv) = −3599.9
MeV, or Vpvnv(rnv) = −1799.9 MeV; accordingly, nv has a spin kinetic energy Envk = − 12Vpvnv
and Hamiltonian Envt = Vpvnv + Envk =
1
2Vpvnv . This Vpvnv , of a GeV scale, is far too deep for
the vaculeon pair to be disintegrated to the vacuum level, by merely a supply of an excitation
energy 2εexc.m given by (15), or
2× εexc = 2× ~ωγ ≥ 2×Mc2 = 1
2
βq(
√
2Aq1)
2 (M =Mp,Me; q = +e,−e) (20)
which are 2 × 938.27, 2× 0.511 MeV for the p—p¯, e—e¯ pair productions. This 2εexc is merely
enough to impart masses to a pair of dissociated vaculeon charges.
Inevitably, before the condition (20) becomes legible, an additional energy, as enormous as
2× (Vvq0−Vpvnv(rnv)) ∼ 3600 MeV for e—e¯ production or 1720 MeV for p—p¯ production, needs
firstly be supplied so as to disassociate the pair of bound vaculeons of the v1 here to at or above
the ground state of the charge, Vvq0. Such an enormous energy may be practically supplied if
the two vaculeons are simultaneously approached by a charged particle (e.g. a nucleon) q at very
short distance and thereby repelled to above Vvq0; an external q thus needs be in the proximity
(like the +q in the interstice B in Figure 2b) and moving at an adequate speed toward v1. A
possible such process is illustrated in Figure 2c. The corresponding potential energies of pv,nv in
the presence of +q, of coordinate z, and similarly of −q, Vpvnv±q(z),Vnvpv±q(z) as functions of
the position z of +q or −q are given by (A.3)–(A.4), Appendix A.2. As the graphical plots, the
dashed curves 2 and dotted curves 3 to 3′ in Figure 3 a,a′ directly show, the two potential energy
functions rise each rapidly to above Vvq0 at the closest approach between +q, nv and pv (Figure
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Figure 2 (left graphs). Vacuuons vi, with v1 at z = 0, arranged on a simple cubic lattice (a) in zero
external field, and (b)–(c) in the field of an external charge +q in the interstice B; +q is moving toward v1
at a finite velocity. In (c), +q has collided with nv and in turn knocked nv into colliding with pv to their
closed approaches each; at the same time, a 2γ wave of energy 2~ωγ(≥ 2Mc2) is incident on to v1.
Figure 3 (right graphs). (a) Solid curve: pv—nv interaction potential energy Vpvnv (ζ) given by (19) for
vacuuon v1 in zero external field (as in Figure 2a), ζ = r/bv. Dashed curve 2 and dotted curve 3 (ζ > rv):
potential energies of pv and nv of v1, Vpvnv+q(ζ) and Vnvpv+q(ζ) given by (A.3)–(A.4) in the field of
external charge +q as in Figure 2b. The rapid rising part of curve 2 and curve 3′: the two potential energy
functions Vpvnv+q(ζ) and Vnvpv+q(ζ) when +q, nv and pv are as positioned in Figure 2c. Corresponding
curves 2, 3′ for −q are shown in (a′). Short-dot-dashed curves: the function Vv+en in (a) and Vv-en in
(a′) given by (15). Used for the plots: σ = 0.1bv (thus u1 = 14400 MeV), N = 12, d = 0.01bv. At
rm = (gN)
1
N−1 σ = 0.859σ,
∂Vpvnv
∂r
= 0 and Vpvnvm(rm) = −
u1
2
(gN)
−
1
N−1 [N−1N ] = −0.534u1. (b)
Interaction potential energy function Vv1+q (solid curve), given by (A.2b), between vacuuon v1 and external
charge +q of position ζ as in Figure 2b; and Vv1-q (dashed curve) between v1 and −q. Values used for the
plots are as in (a).
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2c), i.e. at z ∼ 3σ. The vaculeons pv and nv are now effectively no longer bound each other,
being as if separated infinitely apart.
If these, as soon as after their dissociation, are impinged by a γ wave (see Figure 2c) of
an energy 2εexc = 2~ωγ fulfilling (20), e.g. ωγ = mpc
2/~, then upon absorption of 2εexc by a
”resonance condition” (see below) the vaculeon charges +e,−e will have been each endowed with
an oscillation energy ~ωp = mpc
2. +e is now promoted to the energy level n = 1 in the Vv+en
well at one site (short-dot-dashed curve in Figure 3a); and −e to the level of p¯ in the Vv-en well,
by a probable tendency, in another site located in the opposite direction to the displacement of
+e, since the charges +e,−e producing (or absorbing) the same radiation E field have opposite
oscillation displacements. And similarly for ωγ = mec
2/~, with the charge −e promoted to level
n = 1 in the Vv-en well (short-dot-dashed curve in Figure 3a
′), and +e to the level of e¯ in the
Vv+en well. These are the p—p¯ and e—e¯ pair productions of the reaction equations
2γ → p+ p¯, 2γ → e+ e¯. (21)
The pair of particles produced will be at rest if Ω = Mc2/~ or will have a residual velocity
υ = c
√
1− 1/γ2 if ω = γΩ > Ω, i.e. γ > 1.
The reaction equations (21), together with the preceding energy criterion (20) and the
requirement for the presence of a nucleus (or nuclei) in a pair production, are in complete
agreement with experiment. Entirely as an experimental reaction equation, (21) are expressed
such that they each inform explicitly all of ”observables” before and after a pair production. In
particular, (21) inform that both charges (+e,−e) and spins (~2 , ~2 ) are present on their right-
hand sides, but not the left-hand sides. And the external energy supply 2εexc = 2Mc
2 is only to
ascribe dynamical masses to the pair of vaculeon charges +e,−e (which have zero rest masses),
or equivalently, (dynamical) rest masses to the resulting IED particles in each reaction process,
e, e¯ or p, p¯. So the charges +e,−e which carry a potential energy Vpvnv(rnv) at the particles’
production as given by (19), and their spins ~2 ’s which carry a kinetic energy, must exist in the
vacuum, whence the vaculeons composing a vacuuon, so as to satisfy the requirement of energy
conservation. Similar discussion was made in terms of the pair annihilation in [2, 9, 13].
Supplemental remarks regarding the pair production: (i) The resonance condition. In
mechanical terms, as follows from Sec. 2, the dielectric vacuum is induced with an elasticity in
the presence of an external charge (q) nearby. And the electromagnetic (γ) wave, of a wavelength
λγ ∼ 1.3× 10−15 or ∼ 2.4× 10−12 m, is an elastic wave propagated in the vacuum by means of
the elastic deformations of the vacuum, or in other terms, of the oscillations of coupled oscillators
each composed of (tremendously) many vacuuons (of size ∼ 10−18 m each). So relative to the
extensive γ wave, the pair of vaculeons pv, nv in a vacuuon (the v1 above) are just a minute point
on a large oscillator. They will respond to the γ wave as one point, practically the only point in
the large oscillator being in the (internal) mode of resonance absorption to the quanta 2~ωr of
the γ wave, assuming no other bound vaculeons in the large oscillator are dissociated to above
level Vvq0.
(ii) The incident γ wave of energy 2εexc is an extensive electromagnetic wave train (as
schematically shown in Figure 2c) of length Lϕ and effective amplitude Aq2 =
√
2√
tϕ2.0/(1/ω)
Aq1[16].
Accordingly, the ”absorption of 2εexc” is a gradual, continuous process spanning a total duration
tϕ1.0, in which the wave train front runs at the velocity of light c on to the two vaculeon charges
+e and −e of v1, and be thereby absorbed by them (by a certain fraction) continuously. Two
new waves of the same ω, and of amplitude Aq1 each, are subsequently continuously re-emitted
by the two charges, and then, together with the transmitted fraction, re-absorbed after reflecting
back from surrounding walls.
(iii) At the end of one tϕ1.0, two full wave trains (i.e. for the fraction a1 + a2 = 1) maintain
the same Lϕ, and same total 2ε = 2mc
2, and 2p = 2ε/c = 2mc (i.e. the linear momentum,
which is conserved in this sense) as the incident one. These two wave trains have now become
the respective (internal) components of the (IED) particle and antiparticle just produced.
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Appendix A. Electromagnetic interaction
A.1 Interactions at larger distances up to a closest approach
As shown in Figure 2b (Sec. 4), the vacuuon v1 at z = 0 is polarised by the external charge
+q in the interstice B, moving from initial position say z = bv√
2
toward v1 at a finite speed. We
shall express the v1—+q and v1—−q interaction potentials in electromagnetic terms below, and
shall do so by situating ourselves in the frame where the mass centre of v1 is not moved during
the interaction. (This frame approximately corresponds to the frame fixed to the vacuum if v1
and its surrounding vacuuons can not move freely due to attachment to a fixed matrix of charged
particles, but their configuration may be locally deformed under the dynamical impact of q.) In
this frame, the pv and nv vaculeons of the polarised vacuuon v1 are displaced from the fixed
position z = 0 to − d2 and + d2 . Since rnv >> σ, we shall regard the pv and q as point like and the
nv- spherical shell extensive in respect to their short range interactions.
+q interacts with a charge element dq1 on the extensive spherical shell of nv by a Coulomb
attraction dF = dq1,q4πǫoℓ . Integration over the entire shell gives the total attraction of +q and nv as
[2] F =˙ − u1σr2nv (
rnv
z )
n+1, with n = 15.7, which is strongly short ranged (whence a ”strong force”).
Accordingly V coulnv+q = − 12
∫∞
z Fdz=˙ − u1σ2rnvn (
rnv
z )
n. Because of the simple symmetry of the nv-
shell with respect to +q, for a better physical transparency we below express this interaction
alternatively by representing nv effectively as two one-half charges
e
2 ,
e
2 projected on the z axis
at −r¯nv ,+r¯nv , with r¯nv = rv/2[2], as
V coulnv+q = −
u1
4
[
σ
z − (r¯nv + d2 )
+
σ
z + (r¯nv − d2 )
]
= − u1ση
2(z − d2 )
, η =
1
1− (r¯nv/(z − d2 ))2
.
(A.1)
In addition, +q interacts with nv similarly through nv of a fractional charge gq as in (19) by
a short range repulsion, V repnv+q =
u1
2 g
(
σ
z−(rnv+ d2 )
)N
. And, with the nv-shell in between, +q
interacts with pv by a Coulomb repulsion only, V
coul
pv+q =
u1
2
σ
z+ d2
for z ≥ 4σ. Adding the terms
above, we obtain the interaction potential energy of +q with vacuuon v1, and similarly of −q
with v1 after corresponding sign changes, as
Vv1±q = V
rep
nv±q + V
coul
nv±q + V
coul
pv±q =
u1
2
[
g
(
σ
z − (rnv ± d2 )
)N
∓ ση
(z ∓ d2 )
± σ
(z ± d2 )
]
,
Vv1±q=˙
u1
2
[
g
(
σ
z − (rnv ± d2 )
)N
∓ σ(η − 1)
z
− σd(η + 1)
2z2
]
, η =
1
1− (r¯nv/(z ∓ d2 ))2
,
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(A.2)
where (A.2b) is given after expanding the second and third terms of (A.2a) in d2z and retaining the
respective two first leading terms. The last term in (A.2b), −u1σd(η+1)4z2 , represents the interaction
energy of the nv vaculeon dipole moment, pnv = edzˆ, with the static Coulomb field of charge q,
Eq =
u1σ(η+1)
2ez2 zˆ, and this may be directly obtained as Vdip±q =
1
2pnv ·Eq = −u1σd(η+1)4z2 . Since for
small d there is always η >( or >>)1, at z − 32 > r¯nv , Vdip±q is thus an attraction for either +q
or −q. The second term in Vv1±q of (A.2b), ± σ(z± d2 ) = V
coul
nv±q is a main attraction term between
v1 and +q, and is a repulsion between v1 and −q. The sum of the interactions of q with all
surrounding vacuuons up to an intermediate range,
∑
i Vviq, gives the Vvq of Sec. 2.
As the graphical plots in Figure 3 b directly show, from larger z down to a closest approach
at z = rv, the potential Vv1+q (solid curve) for the positive charge +q is strongly negative, while
Vv1-q (dotted curve) for −q is positive for a wide range of d value (d = 0.01bv for the plots).
A.2 Dynamical interactions after q, n
v
closest approach
At about z = rv, +q and the segment n
ef
v
of the nv-shell (cf Figure 2c) are at closest approach.
And the +q—nv interaction potential, Vnv+q = V
rep
nv+q + V
coul
nv+q as given by the sum of first two
terms in (A.2a), shown by the dotted curve 3 in Figure 3a, rises rapidly.
From z = rv downward, +q continues to move toward pv, now together with nv while
impressing on the segment nefv (which has the coordinate z
′ = z − 2σ) of nv a constant repulsion
V repnvq−(z − z′) = g( σ2σ )N = g(12 )N (with the steep sector of the dotted curve 3 sweeping across
the region, ending at curve 3′). In addition, +q interacts with nv by a Coulomb potential
V coulnv+q(z)|z=rnv = − u1ση2(rnv−d/2) as given after (A.1); and with pv by the V
coul
pv+q =
u1σ
2(z+d/2) as before.
pv interacts with nv, as a very crude approximation here, by the constant Coulomb potential
V coulpvnv(rnv) = −u12 σrnv = −1799.9 MeV, and with the segment n
ef
v
of nv by a short range repulsion
V reppvnv(z
′) = u12 g(
σ
z−2σ )
N . Adding the respective terms above, the total potentials of pv and nv as
functions of the coordinate z of +q are
Vpvnv+q(z) = V
rep
pvnv(z
′) + V coulpvnv(rnv) + V
coul
pv+q(z) =
u1
2
[
g
(
σ
z − 2σ + d2
)N
− σ
rnv
+
σ
(z + d2 )
]
,
(A.3)
Vnvpv+q(z) = V
rep
nvpv(z
′) + V repnv+q(z − z′) + V coulpvnv(rnv) + V coulnv+q(z − z′)
=
u1
2
[
g
(
σ
z − 2σ + d2
)N
+
(
1
2
)N
− σ
rnv
− ση
z − d2
]
. (A.4)
These are plotted by the dashed curve 2 and dotted curves 3–3′ in Figure 3a. When +q is at
z = z′ + 2σ = 4σ − d2 , nefv is at z′ = z − 2σ = 2σ − d2 and touches pv, producing on pv a strong
short range repulsion V reppvnv(z
′ = 2σ − d2 ) = u12 g( σz−2σ+d/2 )N .
Appendix B. Complex diffusion current
Let ρA(z, t) be the density of a real fluid in flow motion at velocity υ in z direction with a flow
rate jA = ρAυ. jA may be alternatively written as a diffusion current jA = −DA∇ρA (Fick’s first
law), where DA is a real diffusion constant; and jA is positive in the direction in which the density
gradient decreases. Let ρA be written as ρA = AA
′ where A′,A are two arbitrary differentiable
real functions of z, t. Then
jA = −DA[A′∇A+ (∇A′)A]. (B.1)
Vacuum Potentials for Proton and Electron. Pair Productions 15
If now it is a ”complex” fluid of density ρq = ψ
∗
qψq, where ψq(z, t) = e
iωtφq(z) and ψ
∗
q are
the complex functions as in Sec. 2, and we want to write down a positive diffusion current jq
associated with ρq on an equal footing with (B.1), certain transformations must be involved as
we proceed as follows. Firstly, since z(t) = υqt, υq being the flow velocity in z direction, thus
eiωt = eiωz/υq ; accordingly ψq(z, t(z)) → ψq(z), ψ∗ → ψ∗q (z), and ρq → ρq(z); i.e., z is now an
explicit independent variable of ρq similarly as of ρA in (B.1). We further define (for reason to
become evident in the end) an imaginary diffusion constant, Dq = i|Dq|. We can now make three
immediate substitutions of the corresponding variables of ρq in (B.1), in such a way that each
term is ensured real and having a correct sign so as to finally achieve a jq in accordance with the
definition of (B.1):
DA → |Dq| = −iDq, A′ → ψ∗, A→ ψ. (B.2)
The derivatives of ψ∗q and ψq will however introduce an imaginary index i and sign into the
coefficients, as 1ψ∗∇ψ∗ = −ik and 1ψ∇ψ = ik. To obtain a ”positive and real” value for the
term containing ∇ψ (ψ represents a flow in positive direction) in the negative gradient of ρq,
−∇ρq, and accordingly a ”negative and real value” for the term containing ∇ψ∗, we rotate the
two functions in the complex plane by angles −π2 and +π2 , thus
∇A′ → −i∇ψ∗; ∇A→ +i∇ψ, −∇ρA → −∇ρq = −[ψ∗i∇ψ + (−i∇ψ∗)ψ] (B.3)
With (B.2),(B.3) in (B.1), we obtain
jq(= −|Dq||∇ρq|) = −(−iDq)[ψ∗(i∇ψ) + (−i∇ψ∗)ψ] = −Dq[ψ∗∇ψ − ψ(∇ψ∗)]. (B.4)
Errata: In the first edition (arxiv:1111.3123v1) of this paper, the ”positive real” value of −∇ρq was ensured for the
first of two differential terms arranged in arbitrary order of sequence, rather than correctly for the term containing
∇ψ.
Appendix C. Transition time
Suppose that (i) the Fext in (3), Sec. 2, is not zero but is equal to a radiation damping force, Fext = Frad =
−ωrMqdUq/dt, where ωr is a radiation damping factor, (ii) (ωr/ω)2 << 1, so the equations of motion and the
solutions of Sec. 2 continue to hold over a finite time interval in which damping of amplitude is negligible, whence
a quasi stationary radiation, and (iii) we restrict as before (Sec. 2) to the excitations which create matter particles
only. Then, the energy solution for (3) combined with (1) of the now quasi-harmonically oscillating charge is at
any time ts given as, dropping a term
1
2
~ω similarly as in (6),
ε′qn(ts) = e
−ωrtsεqn, εqn = n~ω, n = 1, 2, . . . (C.1)
If at initial time ts = 0 the charge is at level n and just begins to emit radiation, and after a time ts = tϕn.n−1
it has emitted one entire energy quantum ∆εqn.n−1 = n~ω − (n− 1)~ = ~ω, whence transforming to level n− 1,
the energy reduction given after (C.1) is
∆ε′q(tϕn.n−1) = n~ω(1− e
−ωrtϕn.n−1). (C.2)
But ∆ε′q(tϕn.n−1) = ∆εqn.n−1; or, n~ω(1− e
−ωrtϕn) = ~ω. This gives
tϕn.n−1 = −
1
ωr
ln
n
n− 1
. (C.3)
References
[1] Nakamuura K et al (Particle Data Group) 2010 J. Phys. G: Nucl. Part. Phys. 37 075021; P J Mohr 2008
CODATA recommend values of the fundamental physical constants: 2006” Rev. Mod. Phys. 80, 633-730;
D. Griffith 1987 Introduction to elementary particles (Harper and Row Publisher); D Brune, B Forkman,
B Persson 1984 Nuclear Analytical Cemetery (Studentlitteratur, Lund); E Rutherford 1919 Phil. Mag. 37
581; J J Thomson 1897 Phil Mag 44 293.
[2] Zheng-Johansson J. X. and P-I. Johansson 2006 Unification of Classical, Quantum and Relativistic Mechanics
and of the Four Forces (Nova Sci. Pub. Inc., N. Y.). Zheng-Johansson, J.X. 2003 Unification of Classical
and Quantum Mechanics & The Theory of Relative Motion Bullet Amer. Phys. Soc. G35.001 General
Physics, March; Zheng-Johansson, J.X., P-I Johansson, (Feb 24) 2003 Unification Scheme for Classical
and Quantum Mechanics at All Velocities (I) fundamental construction of material particles, submitted to
Proc Roy Soc Lond..
[3] Zheng-Johansson, J. X. 2006 Inference of Basic Laws of Classical, Quantum and Relativistic Mechanics from
First-Principles Classical-Mechanics Solutions (Nova Sci. Pub., Inc., N. Y.).
[4] Zheng-Johansson J. X. and P.-I. Johansson 2006 Inference of Schro¨dinger equation from classical mechanics
solution Suppl. Blug. J. Phys. 33, 763, Quantum Theory and Symmetries IV.2, ed. V.K. Dobrev (Heron
Press, Sofia), p763 (Preprint arxiv:physics/0411134v5).
[5] Zheng-Johansson J. X. and P.-I. Johansson 2006 Developing de Broglie wave Prog. Phys. 4, 32 (Preprint
arxiv:physics/0608265).
[6] Zheng-Johansson J. X. and P.-I. Johansson 2006 Mass and mass–energy equation from classical-mechanics
solution Phys. Essays 19, 544 (Preprint arxiv:physics/0501037).
[7] Zheng-Johansson J. X. 2006 Prog. Phys. 3, 78 (Preprint arxiv:physics/060616).
[8] Zheng-Johansson J. X. 2008 Dirac equation for electrodynamic model particles J. Phys: Conf. Series 128,
012019, Proc. 5th Int. Symp. Quantum Theory and Symmetries, ed. M. Olmo (Valladolid, 2007).
[9] Zheng-Johansson J. X. 2007 Vacuum structure and potential Preprint arxiv:0704.0131.
[10] Zheng-Johansson J. X. 2006 Dielectric theory of the vacuum, Preprint arxiv:physics/0612096.
[11] Zheng-Johansson J. X., P.-I. Johansson, R. Lundin 2006 Depolarisation radiation force in a dielectric medium.
its analogy with gravity, Suppl. Blug. J. Phys. 33, 771; J. X. Zheng-Johansson and P.-I. Johansson, Gravity
between internally electrodynamic Particles, Preprint arxiv:physics/0411245.
[12] Zheng-Johansson J. X. 2008 Doebner-Goldin Equation for electrodynamic model particle. The implied
applications Preprint arxiv:0801.4279, Talk at 7th Int. Conf. Symm. in Nonl. Math. Phys. (Kyiv, 2007).
[13] Zheng-Johansson J. X. 2010 Internally electrodynamic particle model: its experimental basis and its
predictions Phys. Atom. Nucl. 73 571-581 (Preprint arxiv:0812.3951), Proc Int 27th Int Colloq Group
Theory in Math Phys. ed. G Pogosyan (Ireven, 2008).
[14] Zheng-Johansson 2010 Self interference of single electrodynamic particle in double slit Preprint
arxiv:1004.5000; Talk at Proc. 6th Int. Symp. Quantum Theory & Symm. (Lexington, 2009).
[15] Zheng-Johansson J. X. 2010 Quantum-Mechanical Probability of IED Particle(s) Preprint arxiv: 1011.1344.
Talk at 28th Int. Colloq. Group Theory in Math. Phys. (Newcastle, 2010).
[16] Zheng-Johansson J. X. 2011 Intermediate Emission Process of Radiation Quantum (internal).
[17] The experimentally measured upper bound of electromagnetic radiation frequency is νo ∼ 5 × 1025 1/s (see
e.g. C Nordling and J O¨sterman, Physics Handbook for Sci Eng, 6th Ed, Studentlitteratur, 1999, p53,
Table 4.2); this gives the minimum wavelength λo =
c
νo
= 6 × 10−18 m. A vacuum continuum able to
propagate the electromagnetic wave, regarded as an elastic wave in the vacuum continuum, of this shortest-
wavelength should have a spacing bv at least several times smaller than λo. Taking the scaling factor to
be 6 here, we have bv = λo/6 = 1× 10−18 m.
[18] Merzbacher E. 1970 Quantum Mechanics (John Wiley and Sons, Inc.) p. 57; L I Schiff, qunatum mechnics,
3rd edn, (McGraw-Hill Book Company, New York, 1968) p71
[19] Zheng-Johansson J. X. 2011 Inference of the Constancy of Planck Constant and the Equal a Priori
Probabilities from First Principles (internal).
Part B
A Microscopic Theory of the Neutron
J.X. Zheng-Johansson
Institute of Fundamental Physics Research, 611 93 Nyko¨ping, Sweden
Abstract.
A microscopic theory of the neutron, which consists in a neutron model constructed using
key relevant experimental observations as input information and the first principles solutions
for the basic properties of the model neutron, is proposed within a framework consistent with
the Standard Model. The neutron is composed of an electron e and a proton p that are sep-
arated at a distance r1 of the order 10−18 m, and are in relative orbital angular motion and
Thomas precession highly relativistically, with their reduced mass moving along a quantised
circular orbit l = 1, j = 1
2
of radius vector r1 1
2
= r1rˆ1 1
2
about their mass centre. The associated
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rotational energy flux has a spin 1
2
and resembles a confined antineutrino. The particles e, p
are attracted with one another predominantly by a central magnetic force produced as result of
the particles’ relative precessional-orbital and intrinsic angular motions. The interaction force
(resembling the weak force), potential (resembling the Higgs’ field), and a corresponding exci-
tation Hamiltonian (HI ), among others, are derived based directly on first principles laws of
electromagnetism, quantum mechanics and relativistic mechanics within a unified framework.
In particular, the equation for 4
3
πr31HI , which is directly comparable with the Fermi constant
GF , is predicted as GF =
4
3
πr31HI = AoC0 1
2
/γeγp, where Ao = e
2
~
2/12πǫ0m0em
0
pc
2, m0e, m
0
p
are the e, p rest masses, C0 1
2
is a geo-magnetic factor, and γe, γp are the Lorentz factors.
Quantitative solution for a stationary meta-stable neutron is found to exist at the extremal
point r1m = 2.537 × 10−18 m, at which the GF is a minimum (whence the neutron lifetime
is a maximum) and is equal to the experimental value. Solutions for the magnetic moment,
effective spin ( 1
2
), fine structure constant, and intermediate vector boson masses of the neutron
are also given in this paper.
Part B published at: 2016 J. Phys.: Conf. Ser. 670 012056.
1. Introduction
The neutron is a building particle of matter, as the proton and electron are. The neutron
distinguishes yet from the proton and electron prominently in its undergoing weak decay with
a notable non-conservative parity. In inverse proportion to the weak interaction strength
represented by the Fermi constant GF , the lifetime of a free neutron is of a finite 12 minutes
only. The Fermi constant GF combined with the Heisenberg relation indicates moreover a weak
interaction distance of an order 10−18m. Weak decay is a common property of all of the other
several hundred elementary matter particles observed in the laboratory except for the proton
and electron, by virtue of which process these particles are unstable, short lived. The basic
properties of the weak processes, foremost the neutron β decay, have been experimentally studied
extensively over the past eight decades or so, and summarised under the Standard Model for
elementary particles [1]. Theoretically, the weak decay of neutron and other particles has been
accounted satisfactorily for, most notably in quantitative prediction of the branching ratio, by
the unified renormalisable theories of weak interaction. The Glashow-Weinberg-Salam (GWS)
electroweak theory [2a-c] based on group SU(2)×U(1) is one of these. This theory in particular
also predicts the charged and neutral intermediate vector bosons W -,W+ and Z0 which were
confirmed by the experiments at CERN; its renormalisability was proven by t’Hooft in 1971 [2d].
All of the current field theories of the neutron are essentially focused with the neutron β decay,
and are rested on the original hypothesis of Fermi[2e]. Namely that, in a neutron (n) β decay
reaction n → p + e + ν¯e, the matter particles proton p and electron e, and the antineutrino ν¯e
do not exist until the neutron n decays. And upon neutron decay, these particles are envisaged
as simply emitted by the neutron (as a point entity) in an analogous way to an accelerated
point charge emitting electromagnetic radiation. The current theory of the neutron remains as
a phenomenological one. There remain certain outstanding questions yet to be resolved. In
particular, the nature and origin of the weak interaction force are not yet well understood, an
equation of the weak force accordingly is yet to be derived, and the Fermi constant GF is yet
to be derived based on the interaction force. At a similar significant level, the nature and the
origins of the (anti)neutrino, the intermediate vector bosons, the Weinberg weak mixing angle,
and the Higgs mass are not yet fully well understood. One common feature suggestive of the
nature of the weak phenomena however is readily recognisable directly from observations, namely
that the weak phenomena present with (precede) only the electrons and protons emitted from
the baryon (n, Λ, etc) and meson (π, K, etc.) disintegrations or conversely (succeed) ones upon
the productions of the n, Λ, π, K, etc., but not with the same electrons and protons in free-
particle or bound atomic processes. Weak phenomenon has thus to do with the internal structure
of the weak emitting particles. For a more comprehensive understanding of the nature of the
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weak phenomena, a microscopic theory would be indispensable. The purpose of this paper is
to develop a microscopic theory of the neutron, serving as a prototype of the weak interaction
(meta-)stabilised systems, based firstly on a realistic real-space model construction of the neutron,
such that the fundamental weak force and the variety of weak-interaction related properties and
phenomena can be predicted based on first principles solutions within a unified framework of
electromagnetism, quantum mechanics, and relativistic mechanics.
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Figure 1. Schematic of the model neutron composed of an electron e and a proton p. (a)
The e, p are separated by a distance r1 1
2
= r1rˆ1 1
2
and are in relative angular motion and a
Thomas precession at velocity υ 1
2
under a magnetic interaction force F 1
2
in the magnetic fields
Bp,Be of p, e at e, p; their spins Sez ,Spz (in units ~) are aligned parallel, in the +z direction
for the mj = −j magnetic state shown, and antiparallel to Jz- 1
2
of graph (b). (b) The reduced
mass M of e, p moves at velocity υ 1
2
about the CM along a l = 1, j = 1
2
circular orbit of
radius vector r1 1
2
and normal n at angle π − θ 1
2
to the z axis; it has a z-component angular
momentum Jz- 1
2
. (c) Left: The e, p are located at positions re, rp, moving at velocities υe, υp,
relative to the CM in the CM frame (coordinates x, y, z in graph b), and at Re,Rp in the lab
frame (coordinates X, Y,Z). Right: vector relations between re, rp and r1 1
2
, and υe, υp and
υ 1
2
. The drawings are made for me ≃ mp.
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Using several key relevant experimental facts, in particular the neutron beta decay reaction
equation n→ p+ e+ ν¯e, the neutron spin (12 ), the order of magnitude of the Fermi constant GF
and the so implied weak interaction distance ∼ 1·10−18 m as direct input information, we propose
at the outset of the theory development a real-space (e, p-) neutron model as follows: The neutron
is composed of an electron e and a proton p separated at a distance r(= r1) of an order 10
−18 m;
see Fig 1a. The e, p are in relative orbital angular motion and in addition a Thomas precession
at a velocity approaching the velocity of light c, under a central force of an electromagnetic
origin. The central force is in effect predominantly an attractive magnetic force produced by the
magnetic fields (Bp,Be) of p, e at e, p as result of their intrinsic spin and relative motions. The
z-components (Sez , Spz) of the e, p spin angular momenta are aligned parallel to each other and
antiparallel to that of their relative motion (Jz- 1
2
, Figs 1b), so that the magnetic interaction force
is maximally attractive. The e, p relative motion is in such a way that their reduced mass (M )
moves at a velocity (υ 1
2
) accordingly approaching c along a (quantised l = 1, j = 12 ) circular orbit
of radius r(= r1) about their (the e, p) common centre of mass (CM), with a normal (n) at a
precession-modified quantised angle (π− θ 1
2
for j spin down state) to the z axis; see Fig 1b. The
relative precessional–orbital angular momentum projected in z direction (Jz- 1
2
) will show to be a
negative half-integer quantum Jz- 1
2
= − 12~. The corresponding neutral rotational energy flux, or
vortex, along the l = 1, j = 12 circular orbit, of accordingly a z-component angular momentum
Jz- 1
2
, resembles a ”confined antineutrino” (ν¯e).
It is commented that, the proposed e, p-neutron model suggests also a scheme for the strong
force similarly on a unified basis with electromagnetism: A proton p would be attracted with a
neutron n(e, p) (mainly) through an electrostatic attraction with the electron e of the neutron at
short range; in the same order of the short-range electrostatic interaction, two protons will repel,
but never attract with one another. Such characteristics are in accordance with the observational
fact that no nucleus exists which is made of more than one protons and protons only without
neutrons. The author’s more recent research (internal work) has further shown that a microscopic
representation of the muon and the ”muon-emitting” composite elementary particles may be
achieved within a consistent scheme with the neutron model. The system of the so-represented
elementary particles furthermore is in conformity with the quark model, in a manner that the
(internal) spin states of the (composite) elementary particles are in one-to-one correspondences
with the configurations of the (observationally-never-isolatable) quarks. The internal spin states
of the model neutron under reversed signs (which represents the neutron effective spin, see Sec 3),
− 12 ,− 12 , 12 (i.e. ”down, down, up”), for example, directly correspond with the ddu quarks. The
(free) proton, as another example, is a non-composite particle with only one spin state, assigned
as + 12 (spin up) by convention. But this may be translated into a systematic three-spin states
representation as 12 ,
1
2 ,− 12 (i.e. ”up, up, down”), by adding two dummy spins 12 ,− 12 without
changing the original spin 12 ; the three spin states correspond directly to the uud quarks.
The remainder of this paper gives a first-principles mathematical representation of the model
neutron, mainly in respect to the internal relativistic kinematics, dynamics (Secs 2), magnetic
structure (Sec 3), and a derivation of the internal e, p interaction force (Sec 4) of the neutron in
stationary state, the dynamics upon the neutron β decay (Secs 5), and a quantitative evaluation
of the dynamical variables (Sec 6). The (quantitative) predictions of the basic properties of
the neutron are subsequently subjected to comparisons with, or constraints by, the available
experimental data where in question, so that critical checks and controls of the viability of the
neutron model are made as far as possible. Other basic aspects, including the parity associated
with the β decay, a direct derivation of the intermediate vector boson masses and Weinberg mixing
angle of the neutron, and a corresponding dynamic scheme for the other (composite) elementary
particles participating weak interaction, will be elucidated in separate papers.
2. Equations of motion. Coordinate transformations. Solutions
2.1. Transformed Newtonian equations of motion of the mean and instantaneous positions of
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e, p. Representation in r,R coordinates Consider that an electron e and a proton p comprising
a neutron are at time t located with the probability densities |ψα(Rα, t)|2 (α = e, p) at positions
Re,Rp relative to coordinates X,Y, Z fixed in the laboratory (lab) frame; see Fig 1c. (The usual
statistical point-particle picture suffices and is referred to here.) The e, p are in relative motion
at a velocity to prove high compared to c (Sec 6) under a mutual interaction force F and gravity
g ; no applied force presents. Their mean positions, R¯α =
∫
Rα |ψα|2d3Rα, evolve according to
the transformed Newtonian equations of motion,
d(mα(dR¯α/dt))
dt =
∫
(mαg ± F)|ψα|2d3Rα (the
correspondence principle), where me,mp are the e, p masses. The e, p are assumed to form a
bound stationary system until Sec 5 and hence feasibly move circularly at constant (tangential)
velocities (uα = dRα/dt). The equations of motion thus reduce to
me
d2Re
dt2
= meg + F , mp
d2Rp
dt2
= mpg − F . Or M
d2R
dt2
=M g , M
d2r
dt2
= F , (1)
where
R =
meRe +mpRp
M
, M = me+mp , r = Re−Rp = re−rp , M =
(
1
me
+
1
mp
)−1
=
memp
M
;
Re = R +
mp
M
r, Rp = R −
me
M
r; re = Re −R =
mp
M
r, rp = Rp −R = −
me
M
r. (2)
R is the position of the centre of mass, CM; M is the total mass located at R; r is the relative
position; M is the reduced mass (of a fictitious particle) located at r; and re , rp are the e, p
positions relative to R. Eqs (1c,d) are given for the masses M and M travelling accordingly
circularly at constant velocities (ucm = dR/dt relative to the lab frame and υ about the CM).
A common time t measured by a clock fixed at the CM has been used in order to facilitate the
direct transformation of Eqs (1a,b) to (1c,d). Corresponding directly with the dynamic effect of
d2Rα/dt
2 on the left of Eqs (1a,b), this t enters as an independent variable of g,F: g = g(t),
F = F(t); the relativistic masses me,mp may remain as (implicit) functions of the local times
(te, tp) at re, rp (Sec 2.2) in so far as the same masses are used through the equations. For the
e, p relative motions internal of a neutron are of major concern in this paper, unless specified
otherwise we shall work in the CM frame, i.e. immediately in terms of the relative positions
re, rp, r measured with respect to a set of relative coordinate axes x, y, z parallel with the X,Y, Z
axes, and with an origin fixed at the CM (cf Fig 1b). This in more general terms means that we
shall work with the unsuperscripted variables, including R,M,Re,me, t etc, which we hereafter
reserve to explicitly refer to ones measured in the CM frame. We shall refer to their counterparts
for example measured in the lab frame by Rlab,M lab,Rlabe ,m
lab
e , t
lab, etc. where in question.
The partial–relative and relative velocities of the e, p, and the corresponding rotational
angular momenta in the CM frame, in terms of the time t, follow as
υe =
dre
dt
=
mp
M
υ, υp =
drp
dt
= −me
M
υ, υ =
dr
dt
= υe − υp; (3)
Je = re × (meυe) =
mp
M
J, Jp = rp × (mpυp) =
me
M
J, J = Je + Jp = r× (Mυ) (4)
From the relations (2g,h) between the distances re, rp of e, p to the CM, and r of e to p it
follows that, by virtue how time in essence is defined, the local times te, tp and the time t for
light to traverse the distances re, rp, r at a constant velocity c are related as te = (mp/M )t,
tp = (me/M )t. The partial-relative velocities in terms of te, tp are
υ ′e = dre/dte = υ, υ
′
p = drp/dtp = −υ. (5)
Denote ft(e) =
t
te
= |dre/dte||dre/dt| =
υ′e
υe
. Substituting t = ft(e)te in (1a), setting R = 0, we
have me
d2re
d(f2t (e)t
2
e)
= meg(t) + F(t), or me
d2re
dt2e
= mef
2
t (e)g(t) + f
2
t (e)F(t) = meg(te) + F(te),
recovering the original form of (1a) expressed by its local time te provided F(te) = f
2
t (e)F(t),
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g(te) = f
2
t (e)g(t). Similarly a factor ft(p) =
t
tp
=
υ′p
υp
will project (1b) to its original form
expressed in tp. The same projection factors, in the form of geometric mean f
2
t = (f
2
t (e)f
2
t (p))
1/2,
will be obtained through direct derivation of the magnetic force in Sec 4.
2.2. Lorentz-Einstein transformations The instantaneous rest frame fixed to each rotating
particle, e, p, M or M , may be regarded as an inertial frame for each differential rotation which
is essentially linear. (For a complete macroscopic rotation, non-inertial frame effects present and
will be included separately, see Eqs (11) vs (12) below and in turn Sec 2.4). Subsequently, the
differentials of the space and time coordinates re, te; rp, tp; r, t; R, t¯ep in the CM frame, and
their counterparts r0e, t
0
e; r
0
p, t
0
p; r
0, t0; R0, t¯0ep in the respective (instantaneous) rest frames are
related by the Lorentz-Einstein transformations,
γe(dre−υ ′edte) = dr0e, γe(dte−
υ ′e · dre
c′2
) = dt0e; γp(drp−υ ′pdtp) = dr0p, γp(dtp−
υ ′p · drp
c′2
) = dt0p;
γ(dr−υdt) = dr0, γ(dt− υ · dr
c2
) = dt0; γM(dR−υMdt¯ep) = dR0, γM(dt¯ep− υM · dR
c′2
) = dt¯0ep(6)
where γα = (1 − υ′α2/c′2)−1/2 (α = e, p), γ = (1 − υ2/c2)−1/2, γM = (1 − υ2M/c2)−1/2;
c′ = drαpht/dtα = c = drpht/dt is the light speed measured in the CM frame; γM, γ are the
(effective) Lorentz factors of the fictitious particles of masses M,M moving effectively at the
velocities υM,υ, such that their dynamical consequence is the same as that due to the motions of
me,mp relative to the CM. In particular, υM needs be thought of as the speed of the CM relative
to the e, p, i.e. υM =
dR
dt¯ep
given in terms of a mean local time t¯ep of e, p; the CM is not moving
relative to itself.
Transformations from the scalar distances re, rp, R, r to r
0
e, r
0
p, R
0, r0 at fixed t (hence
te, tp, t¯ep), from the time t to t
0 at fixed r, and from the CM-frame masses me,mp,M ,M to
their respective rest-frame counterparts m0e,m
0
p,M
0(= m0e +m
0
p),M
0(= m0em
0
p/M
0) follow as
γere = r
0
e, γprp = r
0
p, γMR = R
0, γr = r0; γt = t0; (7.1)
me = γem
0
e, mp = γpm
0
p, M = me +mp = γMM
0, M = γM 0. (7.2)
Using Eqs (7.2) for me,mp,M ,M in (2b),(d) gives (8), and solving gives (9) below:
γMM
0 = γem
0
e + γpm
0
p, γMγ = γeγp ; or M
0 = m†e +m
†
p, where (8.1)
m†e =
me
γM
= γ†em
0
e, m
†
p =
mp
γM
= γ†pm
0
p, γ
†
e =
γe
γM
, γ†p =
γp
γM
; γ†eγ
†
p =
γeγp
γM
2
=
γ
γM
= γ† (8.2)
γe =
γM(M
0 ±K)
2m0e
, γp =
γM(M
0 ∓K)
2m0p
, K =
√
(M 0)2 − 4m0em0pγ†. (9)
For (9) to have real solutions requires (M 0)2− 4m0em0pγ† ≥ 0, or γ† ≤ (γ†)max = (M 0)2/4m0em0p =
459.556, where γ† = (γ†)max if K = 0, in which case γe = γMM
0/2m0e, γp = γMM
0/2m0p ≃ 12γM,
me = mp. In general me and mp may not be equal. Let me = kmp; this combined
with (9a) gives (me =)kmp = γem
0
e =
1
2γM(M
0 + K). Dividing it by (9b) times m0p, i.e.
(mp =)γpm
0
p =
1
2γM(M
0 −K) gives (10a,b), and re-arranging (9c) gives (10c) below,
k =
M 0 +K
M 0 −K , or K =
(k − 1)M 0
k + 1
; γ† =
(M 0)2 −K2
4m0em
0
p
=
k(M 0)2
(k + 1)2m0em
0
p
(10)
Substituting in these k = me/mp = 1.3165 from the solution for neutron magnetic moment (Sec
3) gives K = (1.3165−1)1.3165+1 938.78(3) = 128.26(5) GeV, and γ
† = 450.96(0). Eqs (2g),(h) and (3a),(b)
for this case become re =
r
k+1 = 0.43r, rp = − krk+1 = −0.57r; υe = 0.43υ, υp = −0.57υ (cf Fig.
1c, right graph). k>∼1 implies γe, γp >> 1.
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Multiplying γemeγe+1 to the quadratics of Eq (3a), and
γpmp
γp+1
to that of (3b), adding, we obtain
on the left side the total kinetic energy Te + Tp of e,p measured in the CM frame and in time t,
(Te + Tp ≡)γemeυ
2
e
γe + 1
+
γpmpυ
2
p
γp + 1
=
[
γemp
(γe + 1)M
+
γpme
(γp + 1)M
]
Mυ2(≡ T ) (11.1)
for γe, γp >> 1 : meυ
2
e +mpυ
2
p = Mυ
2 (11.2)
The right side of (11.1) or (11.2) expresses the kinetic energy T of the reduced mass relative to the
CM. Eq (11.1) or (11.2) expresses invariance of kinetic energy under the re, rp to r,R coordinate
transformation as described in the CM frame and in time t. Performing similar operations to Eqs
(5a,b) instead we obtain on the left side the total kinetic energy T ′e + T
′
p of e,p measured in the
CM frame but in their local times te, tp,
(T ′e + T
′
p ≡)
γeme
γe + 1
υ′e
2 +
γpmp
γp + 1
υ′p
2 =
[
γeme
(γe + 1)M
+
γpmp
(γp + 1)M
]
Mυ2(≡ T ′) (12.1)
for γe, γp >> 1 : meυ
′
e
2 +mpυ
′
p
2 =Mυ2 (12.2)
The right side of (12.1) or (12.2) represents in effect the kinetic energy T ′ of the total mass at the
CM relative to the e, p local space and time coordinates. Since M > M , so T ′e + T
′
p > Te + Tp.
The difference (T ′e+T
′
p)− (Te+Tp) apparently represents a kinetic energy contribution from the
non-inertial frame motion at re, rp relative to the CM.
Unless specified otherwise we shall hereafter suppose for simplicity the e, p system as a whole,
i.e. its CM, to be at rest in the lab frame. Provided further setting the coordinate origins of the
CM and lab frames the same, hence R = 0, the relativistic effects in the two frames are the same.
2.3. Total mass as measured in the lab frame. Neutron mass For the centre of mass CM
of the e, p system assumed at rest in the lab frame, naturally an observer in the lab frame will
measure a rest total mass M lab = M 0 = m0e + m
0
p of the model neutron. In more elaborate
terms, a measurement of the neutron mass in the laboratory is typically made in a specified
say X direction over a macroscopic time interval ∆t which is >> 2πr/υ, the rotation period of
M (Secs 2.4, 6). During ∆t, υe, υp explore all directions each with a zero average projection
in the X direction. Hence the relativistic augments in the masses of e, p as measured along
the instantaneous directions υe, υp in the CM frame do not enter the mass M
lab(= mlabe +m
lab
p )
measured in the lab frame. (This mass augment however evidently enters the interaction force or
potential of Sec 4, which has a constant magnitude so as to manifestly effectuate a bound e, p in
stationary state irrespective of the direction of the e, p separation.)
A dually relevant example here is electron scattering by a target neutron. In respect to the
internal dynamics of a target neutron, an incident electron e travelling in a fixed direction is as
a (moving) observer in the lab frame. The incident e thus will see the rest (as contrasted to
relativistic) masses of the e, p of the neutron. Moreover, the e, p of the neutron are fast rotating
along circles of similar radii about their CM and thus about equally exposed to the incident e. So
in terms of exposure frequency, the e, p would equally probably scatter with the incident e, through
electro and magnetic potentials and naturally at their contracted radii ae, ap. The scattering
potential from the proton p of the neutron, on the other hand, would dominate because of its
much heavier rest mass, which for the electrostatic part at least is attractive. Incidentally, the
experimentally measured electron-neutron scattering length is negative and suggests an attractive
scattering potential.
The (very large) e, p interaction potential fields within the neutron, on the other hand, are
liable to (considerably) modify the vacuum potential surrounding the e, p charges; the effect would
be particularly large given the e, p separation distance 10−18 m (Sec 6) here is comparable with the
inter-vacuuon distance based on the ”vacuuonic vacuum structure”a. This would consequently
further modify the e, p particles’ rest masses, in terms of the IED modelb, produced as their
generating charges move through this modified vacuum. (a, b: see the author’s earlier published
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work). The above gives a qualitative account for the (order of MeV) larger neutron rest mass
over the sum of the e, p rest masses; this difference is relatively small and is ignored where in
question throughout this paper.
2.4. Eigenvalue equations. Orbital and precessional angular momenta. Antineutrino In
the absence of applied force and omitting the very weak gravity, M is free and hence not
directly subject to quantisation condition. We thus need only to establish the relativistic
Schro¨dinger or Klein-Gordon equation (KGE) for the reduced mass M , in terms of the spherical
polar coordinates r, ϑ, φ transformed directly from x, y, z. The KGE has the usual form
[((Etot)op − V )2 − M 02c4 − (p2)opc2]ψtot = 0, where (Etot)op − V = M c2; the associated non-
inertial frame effect is not contained in it and will be included separately. Since the mass M
under consideration is moving at velocity exceedingly close to c such that its rest-mass energy
is negligibly small compared to its kinetic energy (Sec 6), more relevant here is the square-root
(SQR) form of the KGE: Hopψ = Hψ, where Hop = ((Etot)op − V ) − M 0c2 + V = Top + V ,
and Top = M c
2 − M 0c2 = (γ − 1)M 0c2 = (γ−1)γ(p2)op
γ2(υ/c)2M =
γ(p2)op
(γ+1)M (with γ
2(υc )
2 = γ2 − 1)
are the Hamiltonian and kinetic energy operators associated with the kinetic motion of M ;
(p2)op = (p
2
r)op +
(J2)op
r2 ; (p
2
r)op and (J
2)op are the squared radial and orbital angular momentum
operators. For the e,p interaction potential V being central (Sec 4), hence V (r) = V (r), the wave
function of M , ψ(r, ϑ, φ), may be written as ψ = R(r)Y(ϑ, φ). And the SQR-KGE separates
into two eigenvalue equations,[
− γ~
2
(γ + 1)M r2
∂
∂r
(r2
∂
∂r
) +
γl(l + 1)~2
(γ + 1)M r2
+ V (r)
]
R(r) = HR(r) (13)
(J2)opY(ϑ, φ) = J
2Y(ϑ, φ), (J2)op = −~2
(
∂2
∂ϑ2
+ cotϑ
∂
∂ϑ
+
1
sin2 ϑ
∂2
∂φ2
)
. (14)
(14) may be solved without V (r) being explicitly known. The eigen functions are the spherical
harmonics, Ymll = C
ml
l P
ml
l (cosϑ)e
imlφ . The square-root eigen values and their z components are
J
l
= |r
l
× (M υtl)| =
√
l(l + 1) ~, Jzml = Jl cosϑml = ml~, l = 0, 1, . . . ;ml = 0, . . . , ∓l. (15)
Based on the semiclassical expression rl × (M υtl), the particle of mass M in lth state executes
an orbital angular motion along a circular orbit l of radius vector rl at a tangential velocity
υtl = drl/dt = ωo × rl, ωo = rl × υtl/r2l ; rl ≡ rn for all l(= 0, 1, . . . , n − 1) values of the same
principal quantum number n. The normal of the orbital plane or the axis of rotation no passes
through the CM and is at a quantised angle ϑml to the z axis.
Owing to their having a finite acceleration a
l
= −|d2rl/dt2|(rl/rl) in radial direction here, as
a well-known non-inertial frame effect the e, p in addition execute a Thomas precession (TP), with
an instantaneous angular velocity denoted by ωTP and thus angular momentum JTP = r
2
l
MωTP .
ωTP =
γ2
(γ+1)
al×υtl
c2 according to LH Thomas (1927), as may be alternatively derived directly
based on (transformed) infinitesimal Newtonian inertial-frame and hence linear motion combined
with acceleration in infinitesimal time (internal work). ω
TP
is in the instantaneous direction
al × υtl ∝ −rl × υtl = −Jl/M , i.e. opposite to Jl, describing an instantaneous rotation in
opposite sense to the orbital angular motion underlining Jl. For a quantum system as the bound
e, p here, the z component of JTP , JTPz, will be necessarily constrained such that both the space
quantisation conditions (15) above and (16) below are met.
The total, precessional-orbital angular momentum Jj = |Jl − JTP | and its z component
Jzmj = Jzml − JTPz = Jj cos θmj are given according to the quantum vector addition model as
Jj = |rlj × (M υj)| = rlMυj =
√
j(j + 1) ~, j = l − lTP = 0, 1
2
, 1,
3
2
, . . . (16.1)
Jzmj = Jj cos θmj = ∓Jj cos θj = mj~, mj = ∓j, (16.2)
A Microscopic Theory of the Neutron 24
where the permitted j values are results of the general solutions of the quantum commutation
relation for the angular momentum J here, J × J = i~J. rlj = rlrˆlj is the quantised radius
vector of the instantaneous circular orbit l of a normal or axis of rotation n; n is at a fixed angle
θmj = arccos (Jzmj/Jj) to the z axis and rotates about the z axis at the angular velocity ωTPz
in opposite sense to that of the ωo-orbital angular motion projected in the xy plane, whence
the Thomas precession; see Fig 1b. The magnitude of rlj, |rlj| = rl is unchanged subjected
to the radial eigenvalue equation (13) but immediately to the quantum equation (15a) here.
υj = drlj/dt = ω × rlj; ω = rlj ×υj/r2l = |ωo−ωTP |n is the precessional-orbital angular velocity.
For facilitating later discussion we attach as in Fig 1b the axes x′, y′, z′ to the instantaneous rest
frame of the precessional orbit l, with their origin coinciding with that of x, y, z, i.e. fixed at the
CM. So the x′, y′, z′ axes precess about the z axis at the angular velocity ωTPz, in counterclockwise
sense for the mj = −j state in the figure, in such a way that the z′ axis maintains at fixed angle θj
to the z axis, the x′ axis at fixed angle θj to (its projection x′xy in) the xy plane and along the rlj
direction, and the y′ axis in the xy plane. And we attach the x′′, y′′, z′′ axes to the instantaneous
rest frame of the precessing-orbiting particles e, p with an origin fixed at the CM too, the z′′ axis
coinciding with z′, and the x′′ axis lying along the line joining the e, p; see Fig 1a,b. So the x′′, y′′
axes rotate in the x′y′ plane and about the z′ (z′′) axis, in clockwise sense for the mj = −j state,
at the angular velocity ωo + ωTP relative to the x
′, y′ axes.
From Eq (16.1b), it follows that the permitted lTP values are uniquely specified once l, j
are specified according to (15),(16): For l = 0, only lTP = 0 is permitted; and j = l = 0.
This gives an e, p system not magnetically bound at a separation of the order 10−18 m (see
further Sec 4); a bound system would in principle be obtainable at much larger separation as
a hydrogen only. For any non-zero integer l values, lTP = 0 is permitted formally by (16.1)
but is however unphysical because of the so implied absence of Thomas precession. lTP =
1
2
is therefore the smallest finite and hence physical value which is also permitted based on the
quantum solutions for l, j. Moreover, lTP =
1
2 is itself a solution for JTPz to separately satisfy the
quantum commutation relation JTPz ×JTPz = i~JTPz; this establishes a condition for the carrier
of JTPz , the neutral rotational energy flux (to be identified as the antineutrino) to be created or
emitted as a quantum particle. Higher half-integer or integer lTP values satisfying (16.1) and (15)
are permitted in theory but are not liable for a neutron candidate and will not be considered.
For the permitted l and lTP =
1
2 , Eqs (16) are written as
Jj = rlMυj =
√
j(j + 1)~ =
√
(4l2−1) ~
2 , j = l − 12 = 12 , 32 , . . .; (16.1)′
Jzmj = Jj cos θmj = mj~ = (∓|ml| ± 12 )~, mj = ∓j = ∓|ml| ± 12 = ∓ 12 , . . . ,∓j, (16.2)′
where cos θmj =
Jzmj
Jj
= ∓2l±1√
4l2−1 . For j =
1
2 , mj = ∓ 12 :
J 1
2
= |r1 1
2
× (Mυ 1
2
)| = r1Mυ 1
2
=
√
3 ~
2 , Jz∓ 12 = r1Mυ 12 cos θ∓ 12 = ∓
~
2 ; (17)
cos θ 1
2
= Jz 1
2
/J 1
2
= 1/
√
3; θ 1
2
= arccos(1/
√
3) = 54.7o. The j = 12 (l = 1) states describe a
ground-state neutron (Secs 3, 4). Eq (17a) thus gives the e, p relative precessional–orbital angular
momentum internal of the neutron, and (17b) the two possible z components associated with a
minimum-energy (mj = − 12 ) and excitation (mj = 12 ) state in an applied magnetic field in the
+z direction (see Sec 3). The precessing circular orbit of the mass M has the quantised radius
vector r1 1
2
about the CM in the x′y′ plane. For the mj = − 12 state, the normal n of the rotation
plane, and hence J 1
2
, is at angle θ- 1
2
= π − θ 1
2
to the z axis, the rotation being in clockwise
sense, as shown in Fig 1b. And conversely for mj =
1
2 . For the next orbital, j =
3
2 (l = 2),
Jz 32 /J
3
2
= 3/
√
15, θ 3
2
= 39.2o.
For the neutron existing (in zero applied field) only in a single non-degenerate state
j = l− 12 = 12 and presuming that, in terms of the SQR-KGE here, energies of different l and same
n are degenerate, then N (the radial degree of freedom)= 0 and n = N + l + 1 = 0 + l + 1 = 2.
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So Trl|l=n−1=1 = 0; and the total kinetic energy of M is, with J21
2
(= (J1 − JTP )2) for J21 and T
in place of T, T 1
2
= Tt 1
2
= γ(γ+1)Mυ
2
1
2
= γ(γ+1)(J
2
1
2
/M r21) =
3γ~2M
4(γ+1)mempr21
. Accordingly, the eigen
energy (Hamiltonian) Hj = Tj+Vj, in place of Hl=n−1 = Tl=n−1+Vl=n−1 (where Hl=n−1 ≡ Hn,
etc.), may be directly computed from the sum of the Tj given above and the Vj to be derived in
Sec 4, without formally solving the radial differential equation (13).
The precessional–orbital motion (propagation) of the e, p particle waves ψe, ψp relative to one
another, or alternatively of the matter wave ψ of M relative to the CM, is associated with a neutral
precessing-orbiting — simply rotational kinetic energy flux, or vortex, on disregarding their
charges and also their rest-mass energies. This vortex entity carries a spin angular momentum
with a z component equal to one unit of half-integer quantum Jz∓ 1
2
= ∓ 12~, has apparently a
positive helicity, and therefore resembles directly an antineutrino (ν¯e) confined within the neutron;
see further Sec 5. Accordingly the z-component spin angular momenta of ν¯e are
Sν¯ez = Jz∓ 12 = ∓
1
2~ = ∓sν¯e~, sν¯e = 12 . (18)
3. e, p system magnetic structure. Neutron magnetic moment, (effective) spin
3.1 e, p spins and magnetic moments. Neutron internal spin configurations. Total
spin Either particle α = e or p has an intrinsic spin sα =
1
2 , spin angular momentum
Sα =
√
sα(sα + 1) ~ =
√
3
2 ~ about a spin axis nα passing through rα, and z component
Sαz = Sα cos θ
s
α = ±sα~. For the spin up state as in Fig 1a, cos θsα = Sαz/Sα = 1/
√
3; the
spin axis nα is at fixed angle θ
s
α = 54.73
o to a zsα axis parallel with z and passing through rα.
Certain external, random environmental in the case of zero applied, magnetic field would always
present and thus define the (instantaneous) z direction here. For computing the magnetic field
produced by the spin motion of one particle α at the other particle (α′), Bsα (Eq 30b for α = p,
Sec 4) at a separation rl comparable to the sizes of their charges (Secs. 4, 6), it is appropriate
to treat the e, p charges as extended objects, firstly simply as spheres of radii ae, ap with specific
mass and charge distributions. We assume that the mass mα of either particle α is distributed
predominantly within its charge (and thus by a negligible amount in its wave field), with a volume
density ρα(ξα) at a distance ξα from rα; dmα = mαρα(ξα)d
3ξα is a mass element at ξα. So Sα
formally is given rise to by the angular motion of the sphere about nα at the angular velocity
ωsα = dφ
s
α/dtα, tangential velocity υ
s
α = aαω
s
α as,
Sα = mα
∫ |ξα × υsα|ρα(ξα)d3ξα = 1gα a2αωsαmα = √32 ~; Sαz = 1gα a2αmαωsα cos θsα = 12~ (19)
where gα is the Lande g factor of particle α. And the charge qα of either particle α is distributed
along a circular loop of radius aα with a normal parallel with nα. The spin (dipole) magnetic
moment µsα of particle α is accordingly produced by the current loop of charge qα, area πa
2
α,
and angular velocity ωsα in the ∓Sα direction for qα = ∓e. The z components, written for e, p
explicitly, are
µsez = e
ωse
2π
πa2e cos(π − θse) = −
geeSez
2me
= −gee~
4me
; µspz =
gpeSpz
2mp
=
gpe~
4mp
(20)
For either particle α, besides the zsα above we further specify the local axes x
s
α, y
s
α to be
parallel with the x, y but with an origin located at rα. Its spin axis nα as projected in this x
s
αy
s
α
plane is unspecified in orientation according to the uncertainty principle, and in the external
magnetic field in z direction would rotate about the zsα axis. Accordingly the direction of υ
s
α at
any fixed point on the current loop varies over time as the current loop precesses. Since the z
component Sαz of Sα is a constant (Eq 19b), the projection of υ
s
α in the x
s
αy
s
α plane is a constant:
υsαxy = (aα cos θ
s
α)ω
s
α = υ
s
α cos θ
s
α; this gives also the time average of υ
s
α, for the projection of
υsα in z direction averages to zero over time. For deriving an effective algebraic equation for the
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magnetic field produced by the spin current loop (Sec 4), the distinct symmetry property of the
system will be utilised to further reduce the system to a two point half-charge representation
(Appendix A).
3.2 e, p system spin configuration. Total spin angular momentum For the e, p to be in a
bound, minimum (internal magnetic) energy state (Sec 4), apart from the specific j = 12 and
mj = ∓ 12 values (Sec 2.4), Sez, Spz need be parallel mutually and each antiparallel to Jzmj (Figs
1a,b; 2a,b). Sez, Spz , Jzmj may therefore assume two possible configurations
(i) Sez =
1
2~, Spz =
1
2~, Jz- 12 = − 12~; (ii) Sez = − 12~, Spz = − 12~, Jz 12 = 12~ (21)
as shown in Figs 2a,b.
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Figure 2. Internal angular momenta Se, Sp, Jmj of the model neutron with the internal spin
configurations (a) se, sp, mj =
1
2
, 1
2
,− 1
2
in effective spin down state snσn = mj = −
1
2
, and (b)
se, sp, mj = −
1
2
,− 1
2
, 1
2
in effective up state σnsn = mj =
1
2
. Insets in (a),(b): schematics of
the corresponding z-component neutron magnetic moments µnz as the respective vector sums
of the internal component moments along z direction.
Based on the usual vector addition model, the total angular momentum of the e, p system,
denoted by J
jn
, in the precessional-orbital state j = 12 are
J jn =
√
jn(jn + 1)~ =
√
3
2 ~, jn = (se + sp)− j = (
1
2
+
1
2
)− 1
2
=
1
2
(22)
Its z components J zmjn
for the mjn = ±jn states are
J z± 1
2
= (Spz + Sez) updown + Jz∓ 12= [±(
1
2 +
1
2 )∓ 12 ]~ = ± 12~. (23)
3.3 Total magnetic moment The differing g factors and potentially also asymmetric relative
positions of e, p suggest an asymmetric internal magnetic structure of the e, p system. One thus
expects a total magnetic moment which is not simply related to J zmjn
of Eqs (23) as for a simple
particle; nor would it be zero as implied by its zero net charge as both given by the direct sum of
the e, p charges here and from experimental observation. We shall find the total magnetic moment
based directly on vector addition of the individual magnetic moments along the z direction below.
For the spin configuration (i) of Eqs (21), the z-component total magnetic moment of the e, p
spins is the vector sum
µsz = µ
s
pz + µ
s
ez =
gpeSpz
2mp
− geeSez
2me
= (gp − ge
k
)
eSpz
2mp
, (24)
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where the last of Eqs (24) is given after substituting me = kmp (as in Sec 2.2) and Sez = Spz . k
may in general differ from 1. So the relative precessional-orbital motion may contribute a finite
moment given by the vector sum, for the case (i) or mj = − 12 ,
µorbz- 1
2
=
eJpz- 1
2
2mp
− eJez- 12
2me
=
e(meM )Jz- 12
2mp
− e(
mp
M )Jz- 12
2me
=
(
k − 1
k
)
eJz- 1
2
2mp
(25)
where Jαzmj are the z-projections of Jαj given after Eqs (4a,b); a g factor equal to 1 is assumed.
The total z-component magnetic moment of the e, p system is the vector sum
µz- 1
2
φ = µ
s
z + µ
orb
z- 1
2
= (gp − ge
k
)
e(−Jz- 1
2
)
2mp
+
(
k − 1
k
)
eJz- 1
2
2mp
= −gneJz- 12
2mp
, (26a)
gn = gp − ge
k
− k − 1
k
(26b)
where in the expression of µsz we substituted Spz = −Jz- 12 ; Jzmj , instead of J zmjn , is used for
reason to be explained below. The subscript φ indicates that the total µz- 1
2
φ, as the µ
s
pz, µ
s
ez and
µorbz- 1
2
, is as directly probed by a detector placed at the CM relative to which the e, p are moving
in the υe,υp or φ directions, in which case the relativistic masses me,mp in Eq (26a) remain
physical.
An experimenter (as an external observer) in the laboratory on the other hand commonly
probes the neutron magnetic moment by applying a magnetic field to turn the moment along
the θ direction, typically at a speed uθ << c. This is to turn the e, p system as a whole
here, or manifestly the e, p precessional-orbital plane about the y′ axis along the θ direction
in the x′z′ plane, i.e. in a direction perpendicular to υe,υp. So immediately for the proton
γpθ = (1 − u2pθ/c2)−1/2 ≃ 1, mp(upθ) = γpθm0p ≃ m0p; the proton dominates the turning process
because of its much larger rest-mass moment of inertia. The electron can only be turned in the
same rigid precessional-orbital plane as the proton in a bound relativistic dynamic process, its
mass (hence moment of inertia) must therefore manifestly be weighed by the same factor k as
in this relativistic process, i.e. as me = kmp, not as m
0
e. The only means of correctly carrying
the factor k through to the experimenter’s result (Eq 27 below) is to convert me to kmp before
transforming to Eq (27), as has been done in (26a). Substituting m0p in place of mp in the last
of Eqs (26a), and accordingly µz- 1
2
in place of µz- 1
2
φ, gives therefore the z-component magnetic
moment of the model neutron, µnz , as probed by the experimenter, for the mj = − 12 state
µnz(mj = − 12 ) = µz- 12 = −
gneJz- 1
2
2mp(upθ)
= −gneJz- 12
2m0p
=
gne~
4m0p
=
1
2
gnµN , (27)
where µN =
e~
2m0p
(the nuclear magneton). Similarly for the mj =
1
2 state we obtain µnz(mj =
1
2 ) = µz 12 = −gneJz 12 /2m0p = − 12gnµN . gn represents the g factor of the model neutron. Equating
gn of (26b) with the experimental value g
exp
n = 3.8261, and using the experimental g values of
e, p, gp = 5.5857, ge = 2, numerical solution for k is obtained as k = 1.3165. According to (27) or
(26a), µz- 1
2
> 0, i.e. µz- 1
2
points in the +z direction, and is in the opposite direction to Jz- 1
2
(Fig
2a). And µz 1
2
< 0 (Fig 2b). Clearly, the magnetic moment of the model neutron is dominated by
the proton spin magnetic moment because of the asymmetrically much larger gp over ge. From
k > 1 and hence me > mp, rp > re (by a small amount each), it follows that µ
orb
z- 1
2
points in the
−z direction, adding a negative but small term to µz- 1
2
.
3.4 Effective spin of the neutron In an applied magnetic field say B0 in +z direction, the
magnetic-interaction energy of the e, p system with the field is Uj = −µj · B0 = −µzmjB0.
Uj < 0 for the spin configuration (i) of Eqs (21) or the mj = − 12 state, and Uj > 0 for (ii)
or the mj =
1
2 state. That is, (i) or mj = − 12 corresponds to the minimum-energy state and
(ii) or mj =
1
2 the excited state in the applied field. A transition from the minimum-energy to
A Microscopic Theory of the Neutron 28
excited state corresponds to a flip of the spin-configuration (i) to (ii) of the bound e, p system as
a whole, which is dictated, and thus manifested by the flip of the processional-orbital plane from
the mj = − 12 state to mj = + 12 . In other terms, µz- 1
2
is as if produced by a negative charged
current loop in spin up state, or alternatively by a positively charged current loop in spin down
state. In so far as the total magnetic moment of the e, p system as a whole, whence the model
neutron, is probed, it is therefore physical to assign to it an effective spin sn and spin vector
σn, corresponding directly to the j and mj = ∓j values (rather than the jn and mjn). So the
effective neutron spin angular momentum Sn, its z components Snz , and accordingly µzmj in
relation with Snz, given by substituting Snz for Jzmj in (27), are
Sn =
√
sn(sn + 1)~ ≡ Jj =
√
3
2
~, sn = j =
1
2
; Snz = σnsn~ ≡ Jzmj = mj~ = ∓
1
2
~,
σn = ∓1 (for mj = ∓ 12 ); µnz = −
gneSnz
2m0p
= −gnσnsne~
2m0p
≡ µzmj = ±
gne~
4m0p
(28)
Notice that for either spin configuration the Sn, Snz are equal to J jn , J zmjn
in magnitudes but
opposite in directions. The magnitude of Sn or J zmjn
, being a one-half integer quantum, has the
absolute significance that it identifies the neutron as a fermion in accordance with observation.
The assignment of the effective spin parameters sn, σn above is in direct conformity with the role
of the Standard Model neutron spin with respect to the experimental determination of neutron
magnetic monument based on magnetic resonance method [1f].
4. e, p electromagnetic interaction. Weak interaction force
We shall below derive for the electron e and proton p comprising the model neutron in stationary
state their interaction force F, the corresponding potential V and Hamiltonian H based on
first principles laws of electromagnetism and (the solutions of Sec 2 of) relativistic kinematics
and quantum-mechanics. We shall continue to work in the CM frame, i.e. in terms of the
unsuperscripted mass and space-time variables which will directly enter the electromagnetic
interactions below, and for simplicity the time t instead of te, tp; the local time te, tp effect
will be included in the end by a projecting factor (f2t ). In this section, r or rlj refers to the e, p
separation distance starting at rp, ending at re, as in Figs 1a, c; its magnitude is equal to that of
r or rlj of Sec 2.4, Fig 1b.
Consider the e, p system in a precessional-orbital state j = l − lTP , mj = −j, with the
e, p spins Spz, Sez in the +z direction, i.e. antiparallel with Jz-j (as in Figs 1a,b or Fig 2a for
j = 1− 12 = 12 , mj = − 12 ). Firstly, the proton of a charge +e produces at the electron at rlj apart
a (transformed) Coulomb field Ep(rl) = (e/4πǫ0r
2
l
) rˆlj (in SI units here and below); rˆlj = rlj/rl
is a unit vector pointing from p to e. |Ep| is amplified from its rest-frame value E0p by a factor
∝ (1/r2)/(1/(r0)2) = γ2 = 1/fc and hence has a narrowed profile at a point r perpendicular to its
motion φ direction by an inverse factor, fc. And so are the magnetic fields below. Furthermore,
the proton is in relative precessional–orbital motion in clockwise sense at the tangential velocity
υp about the CM in the x
′y′ plane, and in spin motion at the tangential velocity υspxy in the
xspy
s
p plane (Sec 3.1). The latter, after a projection on to the x
′y′ and hence x′′y′′ plane, may
be effectively represented (Eq A.3, Appendix A) as two point half-charges located at −a¯, a¯ from
rp on the x
′′ axis and moving oppositely at velocities −υ¯sp′′,+υ¯sp′′ in −y′′,+y′′ directions. So p
produces at e magnetic fields Borbp (= −υp × Ep/c2) and Bsp(rl ± a¯)(= ±|υ¯sp′′ × Ep(rl ± a¯)|/c2)
along the z′ direction given as (the transformed Biot-Savart law),
Borbp (rl, θj) =
eυp × rlj
4πǫ0c2r3l
= −erlj × (−
memp
M )υj
4πǫ0mpc
2r3
l
= −
√
4l2 − 1 e~ zˆ′
8πǫ0mpc
2r3
l
; (29)
Bsp(rl ± a¯, θj) =
∓ 12eυ¯sp′′ × (rlj/rl)
4πǫ0c2(rl ± a¯)2 , B
s
p(rl, θj) = B
s
p(rl − a¯, θj) +Bsp(rl + a¯, θj) =
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=
ea¯υ¯sp
′′ × (rlj/rl)
2πǫ0c2r3l (1− a¯2r2l )
2
=
−η2gpe~ cos θj zˆ′
4πǫ0mpc
2r3l C1l
, C1l=
(
1− a¯2
r2l
)2
(30)
The last of Eqs (29) is given after substituting (3b) for υp and (16.1)
′ for rlj × (mempM )υ j, given
for lTP =
1
2 . The last of Eqs (30b) is given after substituting (A.1a), (A.3b) for a¯, υ¯
s
p
′′, a for ap,
and (19) for aυspmp cos θ
s
p/gp(=
1
2~). The negative signs in the two final results indicate B
orb
p , B
s
p
to be in the −z′ direction each.
In the Ep and B
orb
p + B
s
p = Bp fields of the proton (cf Fig 1a), the electron at rlj apart,
with an effective charge qe = −fce, and in precessional–orbital and spin motions at the tangential
velocities υe about the CM and υ¯
s
e
′′ about re in clockwise and counter-clockwise senses in the
x′y′ plane, is acted by an electromagnetic force along the rlj direction according to the Lorentz
force law,
Fpe(rl, θj) = −fceEp(rl) + f2t [Forb−orbpe,m (rl, θj , t) + Fs−orbpe,m (rl, θj, t) + Fs−spe,m(rl, θj , t)], (31)
where
Forb−orbpe,m = −eυe ×Borbp = −
e|rlj × (mempM υj)||Borbp | rˆlj
merl
= − (4l
2 − 1)e2~2 rˆlj
16πǫ0mempc
2r4l
, (32)
Fs−orbpe,m = −eυe ×Bsp = −
e|rlj × (mempM υj)||Bsp| rˆlj
merl
= − (2l − 1)η
2gpe
2
~
2 rˆlj
16πǫ0mempc
2r4
l
C1l
, (33)
Fs−spe,m = −
∂V s−spe,m
∂rl
rˆ lj = |µsez |
∂|Bsp|
∂rl
cos θj rˆ lj = −3η
2gegpe
2
~
2 cos2 θj rˆlj
16πǫ0mempc
2r4l C1l
. (34)
fc is the fraction of the e-charge sphere momentarily facing the narrowed Ep profile at rlj.
Eq (3a) for υe and again (16.1)
′ for rl(
memp
M )υj are used in (32),(33). In (34), V
s−s
pe,m =
−µse · Bsp = −|µsez ||Bsp| cos θj is the magnetic potential of the spin-spin interaction; µsez is an
intensive quantity at re, hence not affected by the Bp profile narrowing, and is given by Eq (20a).
Fs−sm0 = −
∫ 2π
0 eυ
s
e×Bspz(rl)dφse = 0;
∂|Bsp|
∂rl
= − 3B
s
p
rl
. f2t projects the product term υeυp contained
in each component magnetic force to υ′eυ
′
p which actually enters the interaction; Fpe(rl, θj) ≡
Fpe(rl, θj , te, tp) is implicitly meant. υ
′
eυ
′
p = (υeM/mp)(υpM/me) = (M/M )υeυp = f
2
t υeυp (Sec
2.1), so f2t = M/M . A repulsion F
rep
pe = Areprˆlj/r
N+1
l
at short range, relative to the magnetic
interaction strength at the distance r ∼ 10−18 m, may generally also present but is omitted for the
intermediate range of interest here. Given the presumed Sez , Spz, Jz-j =
1
2 ,
1
2 ,−j configuration
in units ~ here, all the three component magnetic forces (for l > 0 for F orb−orbpe,m , F
s−orb
pe,m ) acted
by p on e above are optimally in the −rlj direction and hence attractive. Fpe is therefore in
the −rlj direction and maximally attractive. Any alteration of the relative orientations between
Sez , Spz, Jz-j will render some or all of the component magnetic forces repulsive. An alteration
of Sez , Spz, Jz-j as a whole, i.e. from the configuration (i) to (ii) of Eqs (21) or from Fig 2a to 2b
for j = 12 , retains all component magnetic forces attractive, and hence a total force Fpe the same
as given in (32), or Fj same as given in (35) below.
Similarly, e produces at p at −r
lj
apart the electromagnetic fields Ee and Be, and forces
given as fceEe, f
2
t F
orb−orb
ep,m = −f2t Forb−orbpe,m , f2t Fs−orbep,m = −f2t Fs−orbpe,m gegp , f2t Fs−sep,m = −f2t Fs−spe,m. The
action and reaction forces for the e, p in equilibrium must be equal in magnitude and opposite
in direction (Newton’s third law); the magnitude may be here represented by the geometric
mean as F =
√|Fpe||Fep| =∑λ,λ′√|Fλpe||Fλ′ep| δλλ′ , where λ, λ′ indicate the different component
forces; δλλ′ is the Kronecker delta. The last equation needs to hold for the action and reaction
to maintain detailed balance upon any small variation of the independent variables such as rlj.
The final total (attractive) force of p on e in equilibrium in the j = l − lTP ,mj = −j state is
therefore, suffixing j after F explicitly, Fj(rl, θj) = −[fce
√|Ep||Ee|+f2t ∑λ√|Fλpe,m||Fλep,m|]rˆ =
−fceEp + f2t [Forb−orbpe,m +Fs−orbpe,m
√
gege
gp
+ Fs−spe,m]. Substituting Eqs (32)–(34) into the foregoing we
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obtain this force in explicit and scalar form (and explicitly for lTP =
1
2 ),
Fj(rl, θj) = −
e2
4πǫ0r2l
(fc + fm) ≃ − e
2fm
4πǫ0r2l
= − f
2
t e
2
~
2C− 0j
16πǫ0mempc
2r4l
, (35)
fm =
f2t ~
2C− 0j
4mempc
2r2
l
, C− 0j = (4l
2 − 1) + (2l− 1)η
2√gegp
C1l
+
3gegpη
2 cos2 θj
C1l
. (36)
The negative sign in Eqs (35) indicates that Fj is attractive. The approximation is given
for fm >> fc = 1/γ
2. For j = 12 (l = 1), using the solution values from Sec 6 gives
fm = ~
2c2C− 0 1
2
/mempc
4r21m ≃ 6.9 which indeed is >> fc = 1/γ2 ≃ 5.7× 10−11.
j = 0 yields J0 = 0, B
orb
p = 0, and hence zero orbit-orbit and orbit-spin interactions. The
resultant system, even if possible to also form a bound state by the finite spin-spin interaction
only, is not a viable candidate of the neutron, at least because it does not contain a confined
antineutrino. For j ≥ 12 , the three component magnetic forces are each finite and attractive.
j = 12 therefore is the lowest possible (eigen) state of the e, p bound by an attractive magnetic
force at the separation scale ∼ 10−18 m (Sec 6), has a confined antineutrino, and has the correct
spin 12 (Sec 3). The j =
1
2 state is therefore a liable candidate for (the ground state of) the
neutron. For j = 12 (l = 1), hence cos θ 12 = 1/
√
3, and me = kmp = 1.3165mp (Sec 3), hence
f2t =
(me+mp)
2
memp
= (k+1)
2
k =˙4, Eq (35), the corresponding interaction potential V 12 and Hamiltonian
H 1
2
are written as, with Eqs (7.2a,b) for me,mp, and T 12 given in Sec 2.4,
F 1
2
(r1, θ 1
2
) = −3AoC
−
0 1
2
γeγpr
4
1
, Ao =
e2~2
12πǫ0m0em
0
pc
2
, C− 0 1
2
= 3 +
η2
√
gegp
C11
+
η2gegp
C11
; (37)
V 1
2
(r1, θ 12 ) = −
∫ r1
∞
F 1
2
(r, θ 1
2
)dr =
r1F 12 (r1, θ 12 )
3
= −AoC
− 0 1
2
γeγpr
3
1
= − e
2
~
2C− 0 1
2
12πǫ0mempc
2r31
; (38)
T 1
2
= −Ck 1
2
V 1
2
, Ck 1
2
=
γ9πǫ0Mc
2r1
(γ + 1)e2C− 0 1
2
; H 1
2
(r1, θ 12 ) = T 12 + V 12 = V 12 (1− Ck 12 ). (39)
In terms of the e, p-neutron model, F 1
2
represents the weak interaction force, V 1
2
the corresponding
interaction potential, and H 1
2
Hamiltonian of neutron.
5. e, p disintegration. Neutron β decay
Suppose that an afore-described (free) neutron, being initially in stationary state of the
Hamiltonian H 1
2
at a time earlier, is now perturbed by an excitation or external-interaction
Hamiltonian HI = H
0
I + H
1
I = H
1
I given in the CM frame; evidently H
0
I = 0. So the bound
e, p are in the final (f) state disintegrated into free e, p separated at an effective infinite distance
r∞ such that V 1
2
f (r∞) = 0. The removal of the central force, say acted by p on e in the
−r1 1
2
direction, subjects e to a deceleration along that direction and subsequently deceleration or
Bremsstrahlung radiation. Provided no exertion of external torque on the neutron, the angular
momentum must be conserved before (being a quantum Sν¯e = − 12~ in −z direction) and after
the deceleration radiation. The electromagnetic radiation emitted is therefore necessarily in the
form of a precessing-orbiting or simply rotational energy flux so as to convey the same angular
momentum quantum − 12~ in the z direction, and the same rotational kinetic energy Tν¯e = T 12
provided also no exchange of the kinetic energy with the surrounding. The rotational radiation
energy flux emitted resembles directly an antineutrino, ν¯e, which is now free. The equation of
the foregoing (disintegration) reaction straightforwardly is
n→ p+ e+ ν¯e
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i.e. the e, p disintegration resembles a neutron β decay. The final-state total Hamiltonian has the
general form H 1
2
f = V 1
2
f (r∞) + T 1
2
f = 0 + T 1
2
f . The emitted particles would convey a certain
translational kinetic energy Ttr as converted from the total mass difference before (assuming the
n being at rest) and after the neutron decay. Ttr is of a MeV scale (a scale as is also known from
β decay experiment) which is << T 1
2
of GeV scale. Omitting this Ttr, in the case of Tν¯e = T 12 ,
we have T 1
2
f = T 1
2
+ Ttr ≃ T 1
2
, and H 1
2
f = 0 + T 1
2
f ≃ T 1
2
.
The energy condition for the neutron β decay to occur is HI = H 1
2
f −H 1
2
. Substituting in
it the equation for H 1
2
f above and (39c) for H 1
2
gives
HI = T 1
2
− (V 1
2
+ T 1
2
) = −V 1
2
=
AoC− 0 1
2
γeγpr
3
1
or (40)
GF = HI
(
4
3
πr31
)
=
AoC0 1
2
γeγp
=
e2~2C0 1
2
12πǫ0mempc
2
=
e2~2C0 1
2
48πǫ0M
2c2
, C0 1
2
=
4πC− 0 1
2
3
, (41)
where
(
4
3πr
3
1
)
is the volume in which the electron is confined about the proton; the last of Eqs
(41a) is given after substituting the relation memp = MM = M (
(k+1)2
k M )=˙4M
2 given for
me = kmp = 1.3165mp. By virtue of its physical significance, the product term GF = HI(
4
3πr
3
1)
in (41b) is directly identifiable with the CM-frame counterpart of the Fermi constant Glab
F
.
Glab
F
is experimentally determined (as GexpF ) from the neutron lifetime, denoted by τ
lab
here as is usually measured in the lab frame, on the basis of the quantum theoretical relation
Glab
F
∝ 1/√τ lab. The neutron under consideration may be generally in motion, say at a
velocity ulabcm in a fixed X direction. The (model) neutron mass in this direction is (cf Sec
2.3) mlabn =˙M
lab = γ labcm〈M〉 = γ labcmM 0, where γ labcm = (1 − (ulabcm)2/c2)−1/2. Its component masses
are formally mlabe = (γ
lab
cm
)κme, m
lab
p = (γ
lab
cm
)κmp, i.e. each in effect augmented by a factor
(γ labcm)
κ, where κ is a certain (positive) exponent resulting from the mapping of ulabcm onto the
instantaneous interaction direction of e, p. So Eqs (41a), here re-written from its original form as
GF =
e2~2C
0 1
2
12πǫ0mempc
2 =
A1
memp
, A1 =
e2~2C
0 1
2
12πǫ0c2
, transformed to the lab frame is formally
Glab
F
=
A1
mlabe m
lab
p
=
A1
(γ lab
cm
)2κmemp
=
GF
(γ lab
cm
)2κ
∝ 1
(γ labcm)
2κ
√
τ 0
=
1√
τ lab
(42)
where τ 0 denotes the lifetime of a neutron at rest. (42) suggests that for a fast moving neutron
such that ulabcm
2/c2 > 0 and γ labcm > 1 appreciably each, the neutron life time τ
lab = (γ labcm)
2κτ 0 will
appear appreciably ”dilated”, as the result of a reduced internal (magnetic) interaction strength,
or reduced Fermi constant. For a neutron at rest of major concern in this paper, GF identifies
with GlabF as measured for a rest or slow-moving neutron. We shall continue to speak of GF .
Multiplying 137×12M
2
c2
~3cC
0 1
2
on its both sides, rearranging, the last of Eqs (41a) is written as
GF (137× 12M 2/C0 1
2
)c2
~3c
=
137e2
4πǫ0~c
; or (43)
GFM
2
efc
2
~3c
=
g2neu
~c
, Mef =
(
137× 12M 2
C0 1
2
)1/2
=
40.546M√
C0 1
2
=˙
23.043mp√
C0 1
2
, g2neu =
137e2
4πǫ0
; (44)
or GF =
g2neu(~c)
2
M2efc
4 . Mef is an effective mass; for the last of Eqs (44b) me = 1.3165mp is used.
e2
4πǫ0~c
=
g2H
~c =
1
137 = αH(=
υ1H
c ) corresponds to the fine structure constant of the hydrogen atom
(and υ1H the orbiting velocity of electron relative to proton thereof). So the right side of (43) is
unity, 137×e
2
4πǫ0~c
= 1. The fine structure constant for the model neutron is accordingly defined by
αneu = υ 1
2
/c; using υ 1
2
=˙c from Sec 6 in it gives αneu=˙1. Based on its unity value, and on the
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physical significance of the dynamical variables, say
g2neu
~c on its right side compared to
g2H
~c , Eq
(44a) is immediately identifiable as the equation for αneu,
αneu =
υ 1
2
c
≡ 137αH(=˙1) = g
2
neu
~c
=
GFM
2
efc
2
~3c
(45)
In the GWS theory, GF is given the formula G
GWS
F
=
g2w
√
2(~c)2
M2wc
4 , where g
2
w
= e
2
8ǫ0 sin2 θw
. Equating
GGWS
F
with GF of (41a) gives a first-principles microscopic expression for Mw, accordingly Mz,
Mw =
(
3
√
2 πmemp
2C0 1
2
sin2 θw
)1/2
=
(
3
√
2 πk
2C0 1
2
sin2 θw
)1/2
mp; Mz =Mw/ cos θw (46)
It is well appreciated in the literature that, whilst the GF value is absolutely determined by the
lifetime of the neutron in question, the Mw value (or Mef in Eq 45) is dependent on the definition
or choice of the coupling constant g2w (or g
2
neu in Eq 45); g
2
neu in (45) is uniquely specified for
υ 1
2
is separately known. In terms of the e, p-neutron model, Mw, or Mef , represents essentially
the (reduced) mass of the e, p particles in the binding and hence manifestly resistive potential
field V 1
2
. V 1
2
resembles the Higgs field. The Mw, or Mef , of a neutron is highly relativistically
augmented (Sec 6) over that of a hydrogen, primarily as the result of the relative velocity of e, p
within a neutron being so high as to approach c. Moreover, the e, p interaction in a neutron is
predominately magnetic, and in a hydrogen electrostatic.
6. Numerical evaluation
Equations (37)–(41) are specified effectively by four independent variables a¯, r1, υ 1
2
, and
γ(υ 1
2
, c)(= γeγp/γM) (γM is given if γ is given), to be determined each. We need four independent
constraints for quantitatively determining these and subsequently the remaining dynamical
variables. Equation (1d) would ordinarily serve as one basic constraint: it describes a stable
state condition under which the central force F on mass M counterbalances with the inertial (or
here centrifugal) force M d
2
r
dt2 . It may be checked (App Appendix B) that at a r1 value satisfying
Eq (1d), the lifetime of the e, p system however is not an optimum. This suggests that the neutron
candidate e, p system, if opted for a maximum lifetime, is not in stable state. We shall choose the
maximum lifetime condition here on the basis that a real free neutron indeed is ”meta” stable
only, with a relatively short lifetime 12 m.
In overall view of the basic solutions from preceding sections, the discussion just made above,
and the available key experimental data such as to realistically identify the neutron, we employ
(i) the quantisation condition (17a) for J 1
2
§, (ii) a maximum neutron lifetime, hence a minimum
GF , and (ii) the experimental value of the Fermi constant, G
exp
F , as three basic constraints. These
are (re-) written as, on dividing (17a) by r1M
0υ 1
2
for (i), and denoting by r1m the extremal value
of r1 at which GF is a minimum,
(i) : γ = γ
M
γ† =
√
3(~c)c
2M 0c2r1υ 1
2
=
Doc
r1υ 1
2
, Do =
√
3~c
2M 0c2
(47)
(ii) : GF (r1m) = GF .min (48)
(iii) : GF (r1m) = G
exp
F
= 1.43585(37)× 10−62 Jm3 (data from [1e]) (49)
Since (47a) suggests that γ >> 1 for any υ 1
2
value not too far below c, and c = clab by the
standard assumption, so υ 1
2
= c
√
γ2 − 1/γ ≃ c = clab, which serves as the fourth constraint here.
§ The eigen value solution (17a) represents directly a Heisenberg relation for J 1
2
and the angular interval
2π, or alternatively in theory the Maupertuis-Jacobi’s action integral 2T 1
2
= Ck 1
2
H 1
2
/(Ck 1
2
− 1) and ∆t 1
2
;
∆t 1
2
= 2πr1/υ 1
2
. The excitation Hamiltonian HI is not necessarily conjugated with the ∆t 1
2
, but generally
with some other time interval subjecting to a Heisenberg relation depending on the excitation scheme.
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With this υ 1
2
value in (47a), we obtain (50a,b) below; further with (8.1b) for γeγp(= γMγ = γ
2
M
γ†)
and the resultant γM from (50b) in (41a), with γ
† = 450.96 given in Sec 2.2 (for me = 1.3165mp),
we obtain (51) below,
γ =
Do
r1
, γ
M
=
γ
γ†
=
Do
γ†r1
, (50)
GF =
AoC0 1
2
γ2
M
γ†
=
γ†AoC0 1
2
r21
D2o
=
450.96AoC0 1
2
r21
D2o
. (51)
Do(= 3.3462× 10−13 m) and Ao(= 6.2455× 10−57 Jm3) are constants. For evaluating C0 1
2
(Eqs
41b, 37c), we shall use the experimental g values of e, p, ge = 2, gp = 5.5857, and η = 1/
√
2
(Appendix A). GF of (51) is then solely dependent on r1,a¯. Characteristically, for a specified
∅
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Figure 3. (a) GF = HIr
3
1, C0 1
2
,Mw (curves 1,2,3), and (b) γ, V 1
2
= −HI , T 1
2
(curves 4,5,6) as
functions of r1 computed from Eqs (51), (37c), (46), (50a), (38), (39a) for a¯ = 1.5391(8)×10−18
m. At r1 = r1m = 2.5369(5) × 10−18 m, GF = G
exp
F = 1.43585(37) × 10
−62 Jm3.
a¯ value, the GF (r1) vs r1 function presents an extremal point at a (uniquely specified) r1, r1m,
at which GF (r1m) is a minimum satisfying Eq (48), as in Fig 3a, although this is not generally
equal to GexpF . GF (r1m) increases monotonically with a¯. Computing GF (r1m) as a function
of a¯ over a range of a¯ values, a unique a¯ is found at a¯ = 1.5391(8) × 10−18 m at which
GF (r1m) = G
exp
F satisfying Eq (49), r1m = 2.5369(5) × 10−18 m, γ = 1.3190 × 105 (Eq 50a),
and C0 1
2
=
(
4π
3
)× 3(1+ 1.3952+ 4.6633) = 88.69 (Eqs 41b, 37c). Note that the a¯ value obtained
is in accordance with the order of magnitude of the neutron charge radius, ∼ 1.4 × 10−18 m,
measured by electron-neutron scattering experiment (see also Sec 2.3).
With the a¯, r1m (hence C0 1
2
), υ 1
2
, γ values obtained, all the remaining dynamical variables
and functions may be evaluated. For the fixed a¯ = 1.5392 × 10−18 m value, the GF , C0 1
2
, Mw
(using the average experimental value sin2 θw = 0.23), γ, V 1
2
(= −H 1
2
), and T 1
2
vs. r1 functions,
computed from Eqs (51), (41b,37c), (46a), (47a), (38), (39a) are as shown in Figs 3a,b (curves
1–6). r1 = r1.min lies as expected in the region where −∂V 1
2
(r)/∂r = F 1
2
(r) < 0, and V 1
2
(r) < 0.
At r1 = r1m, V 1
2
= −HI = −1.310 GeV, T 1
2
(≃ M c2) = 67.36 GeV, H 1
2
(≃ Etot. 1
2
) = 66.05
GeV, Mw = 77.23 GeV. Furthermore specifically, with the γ value in (50b),(9a),(b), we obtain
γ
M
= 292.48(3), γe = γM
(M0+K)
2m0e
= 3.0537(6) × 105, and γp = γM (M
0−K)
2m0p
= 126.33, which
are >> 1 each. So the particles e, p within the neutron are travelling at velocities υ′e, υ
′
p ≃ c
measured in their local space and time coordinates re, te, rp, tp (Eqs 5) in the (non-inertial) CM
frame; and so is the total mass M at the CM relative to e, p. The total kinetic energy of
e, p in these absolute terms is given by substituting the υ′e, υ
′
p,me(= kmp),mp values in (12.2)
as T ′e + T
′
p=˙(k + 1)mpc
2 = 2.3165γpm
0
pc
2 = 2.3165 × 118.53 = 2 × 137.29 GeV. Substituting
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me = kmp into Eqs (3a,b) gives the e, p velocities measured in time t, υe =
mp
M υ =
c
k+1 = 0.43c,
υp = −meM υ = − kck+1 = −0.57c; and in turn the above values into Eq (11.2) gives the corresponding
total kinetic energy Te + Tp = kmp(
c
k+1 )
2 +mp(
kc
k+1 )
2 = kk+1mpc
2 = 0.56831× 118.53 = 67.36
GeV, equal to the solution value for T 1
2
= M c2 earlier. The non-inertial frame motion contributes
an amount (T ′e + T
′
p) − (Te + Tp) = (k + 1)mpc2 − kk+1mpc2 = k
2+k+1
k+1 mpc
2 = 1.75mpc
2. The
exceedingly large kinetic energy apparently is mainly consumed to contract the size of the system.
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Appendix A. Mapping of the spin current loop on to reduced geometries
Consider here the circular spin current loop of proton as projected in the xspy
s
p plane, spinning
at tangential velocity υspxy about the z
s
p axis passing through rp in counterclockwise sense, i.e. in
spin up state as in Sec 3.1. dqp = ρpxyapdφ
s
p is a charge element at ξp(φ
s
p) on it. The magnetic
field produced by this spin current loop at a distance r from rp has the general form (Biot-Savart
law) Bsp(r) =
∫
dBspθ(r
′) =
∫ dqpυspxy×r′
4πǫ0c2r′3
, where r′ = r + ξp(φsp). The integration in algebraic
terms is a complex problem. We below reduce the current loop to simpler geometries to facilitate
an effective algebraic expression for the field (Eq 30, Sec 4).
Consider first this field produced at a point at distance xsp = |r| from rp on the positive
xsp axis, B
s
p(x
s
p = |r|); xsp is on the right side to the zsp axis as plotted for the parallel x, y, z
axes of xsp, y
s
p, z
s
p in Fig 1b. The problem has the obvious symmetry that the left-half current
loop produces at xsp a magnetic field B
s
pL(∝ υspxy × xsp) > 0 in +z direction, and the right-half
a field BspR < 0 in −z direction. The total field BspR − BspL = Bsp(xsp = |r|) is in −z direction.
Furthermore, on either half loop the differential dBsp fields produced by all charge elements as
associated with the y-component velocities add up, and with the x-component velocities cancel
out. So, in so far as the same BspL,B
s
pR are in effect produced, the left- and right- half spin current
loops may be further reduced to two point half-charges + 12e,+
1
2e located at effective distances
−a¯, a¯ from rp on the xsp axis and moving oppositely at velocities −υ¯spxy, υ¯spxy in the −ysp,+ysp
directions, where
a¯ = ηa, υ¯spxy = υ¯
s
p cos θ
s
p, υ¯
s
p = a¯ω
s
p = ηaω
s
p = ηυ
s
p, υ
s
p = aω
s
p; (A.1)
η is a coefficient to be determined. We have set a = ap = ae =
1
2 (ae + ap) here; so a¯ is effective
also in its being scaled by η from the average radius a of the e, p charges. In analogy to r = r0/γ,
a is contracted‖ from its rest value a0 formally according to a = a0/γa; γa is a factor analogous
to γ, being an increasing function with (υp/c)
2.
By virtue of its physical significance, a¯ should be such that the moments of inertia of the
right and left point half-charges about the zsp axis, I
point
R , I
point
L (= I
point
R ), are equal to those of
the half current loops about zsp, I
loop
R , I
loop
L (= I
loop
R ). Let m
∗
p be the effective mass uniformly
distributed along the full current and in turn on the full charge, and hence a mass 12m
∗
p on each
half loop and in turn at each half point charge. The moments of inertia of one point half charge
‖ Contractions in charge radius and in the wavelength of matter wave may be comprehended on a common
physical ground as follows. Charges and matter waves are distributed energy entities in space each. Two charges
or two matter waves by this nature will inevitably repel with one another when attempting to occupy same space.
Higher velocities facilitate two charges or two matter waves to counterbalance such repulsion to a larger extent,
manifesting consequently as the contraction in their dimensions.
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and one half loop are known as, written for the right ones,
IpointR =
1
2
m∗pa¯
2, I loopR =
∫ π
0
x2dm∗p = 2
∫ π/2
0
(ap cosφ)
2
(m∗p/2)
π
dφ =
m∗pa
2
4
(A.2)
The equality I loopR = I
point
R gives
1
2 a¯
2(= 12 (ηa)
2) = 14a
2, so η = 1/
√
2. Accordingly, the right
point half-charge is associated with a spin angular momentum SpR = I
point
R ω
s
p(= I
loop
R ω
s
p) =
1
2m
∗
pa¯
2ωsp =
1
2m
∗
pa¯υ¯
s
p, so that the z component is SpRz = SpR cos θ
s
p =
1
2m
∗
pa¯υ¯
s
pxy .
Now with respect to a point at a distance xsp
′′ from rp on the x′′ axis (Sec 2.4) lying in a
plane whose normal is along the z′ or z′′ direction at angle θj to the z axis, with |xsp′′| = |xsp| = |r|,
the component spin angular momentum of the right point half-charge perpendicular to x′′ is the
projection of SpRz onto the z
′′ or z′ direction,
S′′pRz = SpRz cos θj =
1
2
m∗pa¯υ¯
s
pxy cos θj =
1
2
m∗pa¯υ¯
s
p
′′, υ¯sp
′′ = υ¯spxy cos θj = υ¯
s
p cos θ
s
p cos θj (A.3)
Appendix B. Stable-state solution for rl
Substituting
d2rlj
dt2 = −
υ2j
rl
rˆlj, υj from (16.1)
′, and Fj from (35) into (1d) gives −M (4l
2−1)~2 rˆ
4M 2r3l
=
− f2t e2~2C− 0j rˆ
16πǫ0mempc2r4l
. Cancelling common factors on both sides, sorting, with f2t = 4 for me =
1.3165mp (Sec 4) and M = γ
(j)
M M
0 for jth state, we obtain
rl =
e2C− 0j
(4l2 − 1)πǫ0γ(j)M M 0c2
. For j =
1
2
, l = 1 : r1 =
e2C− 0 1
2
3πǫ0γ
( 1
2
)
M M 0c2
; (B.1)
for j = 32 , l = 2, r2 =
e2C−
0 3
2
15πǫ0γ
(3/2)
M M
0c2
, C− 0 32 = 15 +
3
√
gegp
2C12
+
9gegp
10C12
given after Eq (36b). For the
j = 12 state, with (37b) for C
− 0 1
2
, (30c) for C11, and a¯ = 1.53918×10−18 m, the right side of (B.1b)
may be computed as a function of r1. Two numerical solutions are found at r1 = 1.440× 10−18,
1.661(7)× 10−18 m, at which the two sides of (B.1b) are equal.
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